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THE PROCESS OF CULTURAL EVOLUTION * 


CHESTER A. LAWSON 


Department of Natural Science, Michigan State College, East Lansing, Michigan 


ODERN students of human society and 
M culture place little value on the use- 
fulness of the concept of evolution as a 
guide in their investigations. Following 
Darwin, Herbert Spencer and _ others 
thought of the growth and development of 
human society as a continuation of biologi- 
cal evolution. Consequently, they believed 
that the principles that operated in biologi- 
cal evolution would be applicable to social 
evolution. However, investigations based 
on this application were disappointing. 
Much the same disappointment followed the 
attempt to interpret cultural changes in 
terms of evolution. It has been suggested 
by several authors (Ellwood [1], Ogburn 
[2], Keller [3], and Simpson [4]) that 
changes in the tools and ideas of human 
culture are the result of a cultural evolu- 
tionary process superimposed upon and/or 
interacting with the organic evolutionary 
process. This suggestion has not been fol- 
lowed with productive research, and as a 
result there is a strong tendency at the 
present time to ignore the possibilities of 
using the concept of evolution to integrate 
the facts and hypotheses that make up the 
social sciences. 

It is possible that the lack of success of 
past attempts to apply the concept of evolu- 
tion to studies of human culture has been 
due primarily to a lack of understanding of 
the mechanism or process by which cultural 
evolution occurs. In the early studies of 
social evolution no sharp distinction was 
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made between organic evolution and social 
evolution. They were both viewed as one 
and the same with the result that the proc- 
esses or mechanisms that operated at the 
organic level presumably were the same as 
those that operated at the social or cultural 
level. It is the assumption of this paper 
that this viewpoint was in error. While 
it is admitted that cultural evolution rests 
upon and is intimately dependent upon or- 
ganic evolution it is assumed that for pur- 
poses of fruitful investigation cultural evo- 
lution must be looked upon as a separate 
phenomenon having identifiable features of 
its own. Those identifiable features that 
belong only to culture must be investigated 
with the aid of the ideas and concepts of 
organic evolution. 

This paper attempts to describe first the 
basic similarities between organic and cul- 
tural evolution, and second the unique evo- 
lutionary mechanism that appears to oper- 
ate at the cultural level, and third on these 
bases to construct a theory of cultural 
evolution. 

The mechanism or process of organic 
evolution includes the following operating 
factors: (1) heredity as a stabilizing factor, 
(2) mutation as a source of variation. (3) 
sexual reproduction (hybridization) as a 
synthesizing and combining factor, and (4) 
natural selection as a guiding factor. 

Analogous factors in cultural evolution 
presumably are: (1) social or cultural 
heredity, that is, the transmission of ideas, 
facts, beliefs from one individual to an- 
other, as from parent to offspring, from 
teacher to pupil, books to reader, etc., (2) 
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variation in the form of new facts, new ob- 
servations or new hypotheses, (3) social 
hybridization or cross fertilization through 
the interchange of facts and ideas between 
individuals, and (4) selection of some facts, 
ideas and beliefs or hypotheses and the 
rejection of others. 

By thus comparing the process of organic 
evolution with similar factors operating in 
human culture it is possible to build up a 
very suggestive analogy. However, after 
the analogy is complete one is still left 
without convincing evidence that the anal- 
ogy is meaningful, inasmuch as it fails to 
bring out the basic mechanism by means of 
which cultural evolution operates. 

Hoping to discover this basic mechanism, 
attention was focused on the process by 
which cultural variation occurs, because 
such variation presumably is the foundation 
for any process of cultural evolution that 
may exist. This part of the investigation 
began with a personal experience in obtain- 
ing a new idea. One objective of the au- 
thor’s laboratory teaching in a course in 
biology was to train students in the use of 
scientific methods. At the same time a 
colleague, M. A. Burmester, was engaged 
in developing a pencil and paper test to 
measure the effectiveness of such teaching. 
The author's students were given this test 
but the results were withheld from the 
author until he had made a personal judg- 
ment of each student’s capacity. The two 
sets of results were then compared. In 
most instances there was good correlation 
in the two measures, but occasionally a 
difference occurred, and as a result of this 
noted difference the first clue to the process 
of the origin of a new idea was obtained. 

Specifically the author judged that Stu- 
dent A could not think “scientifically,” that 
is, the author had a hypothesis concerning 
the ability of the student. However, Stu- 
dent A’s performance on the test was good. 
Upon seeing these results, the author was 
surprised at the difference between his own 
expectation of the student’s performance 
and the results of the student’s actual per- 
formance. Immediately a variety of rea- 


sons came to mind to explain the difference. 
The nature of these reasons or explanations 
is not important. What is important is, 
that, the essential factors necessary for the 
origin of new ideas, beliefs, or hypotheses 
may be contained in this simple process. 
Here, perhaps, is one important part of 
the mechanism of cultural evolution. 

The process was this: A hypothesis was 
formed in answer to the question, “What 
is the ability of Student A?’ On the basis 
of this hypothesis a prediction was made 
concerning the student’s performance on 
the test, that is, it was expected that this 
student would perform in a certain man- 


ner. When the results of the test were 


compared to the prediction a difference was 
noted. This difference stimulated the ap- 
pearance of new ideas. It is the difference 
between predicted results and actual re- 
sults that is the key factor in the origin of 
some new ideas. 

Two other essential factors operated in 
the above process. One was the generalized 
motivation or drive possessed by the in- 
vestigator which might be labeled curiosity. 
The other was the specific goal of the in- 
vestigator which was to measure the stu- 
dent’s performance. Attainment of the goal 
presumably satisfied the motivation. 

Therefore, the nucleus of the process by 
which some ideas are changed presumably 
includes the following factors: (1) motivat- 
ing drive, (2) specific goal, (3) hypothesis, 
(4) expectation, (5) test, and (6) the dis- 
covery of results that differ from the ex- 
pectation. Is this simple and commonly 
known experience an essential part of the 
process of cultural evolution? The first 
step in answering this question was to ex- 
amine the reports of scientists to discover 
if they invariably used the process. This 
may seem an unnecessary procedure. It is 
well known that scientists make hypotheses 
concerning natural phenomena and, also, 
that they test their hypotheses and as a 
consequence produce many new ideas. 
However, because of the current contro- 
versy over the methods of science it was 
considered necessary to examine at least 
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a few original reports to verify the alleged 
fact. 

The writings of Joseph Priestley were 
analyzed to test the point. The specific 
material used was that contained in “The 
Overthrow of the Phlogiston Theory” by 
James B. Conant [5]. This case history 
contained verbatum Priestley’s description 
of the events leading up to the discovery of 
oxygen. The results of the analysis of 
Priestley’s writings were gratifying. Pre- 
sumably Priestley was motivated by curios- 
ity or some other generalized drive and 
started his investigations with the identifi- 
cation of an unknown gas as a specific goal. 
From some source, possibly the French 
chemist, Bayen, he obtained the hypothesis 
that the unknown gas was fixed air (COs). 
This hypothesis caused him to expect cer- 
tain results when he tested the gas in cer- 
tain specified ways. The actual results 
differed from expectation and he revised his 
hypothesis. Before Priestley finally arrived 
at the true nature of the gas, he held in turn 
the following hypotheses concerning the 
identity of the gas: (1) fixed air, (2) modi- 
fied nitrous air, (3) common air, and (4) 
air that was better than common air (oxy- 
gen). In each case his current hypothesis 
caused him to have expectations concerning 
the outcome of specific tests and in each 
case when differences occurred between ex- 
pectation and results, he revised his hy- 
pothesis. 

A general statement of the results of the 
analysis of Priestley’s writings is as fol- 
lows: A scientist begins an investigation 
with some form of motivation and with a 
specific goal or problem. He then selects 
a hypothesis, as a. possible solution of the 
problem or means of attaining the goal. On 
the basis of this hypothesis, the investigator 
makes observations of the phenomena con- 
cerned. These may be controlled observa- 
tions as in an experiment, or they may be 
uncontrolled observations, but in either case 
the initial hypothesis gives the investigator 
certain expectations concerning the results 
of the observations, i.e., he makes predic- 
tions as to what will occur if his hypothesis 
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is correct. If the results conform to the 
expectations the original hypothesis is 
strengthened. If, however, the actual re- 
sults differ noticeably from the expected 
results, several things may happen. First, 
the investigator may explain away the dif- 
ferences by means of a secondary hypothe- 
sis. Second, he may be stimulated to doubt 
the accuracy of his observations, or, if upon 
repeating them, he finds no error, he may 
doubt the original hypothesis and seek a 
substitute. If the original hypothesis must 
be discarded, the search for a substitute 
involves the relating of facts obtained from 
the observation with similar or related ex- 
periences within his knowledge. The mem- 
ory of these experiences furnishes the new 
hypothesis, which only may be a modifica- 
tion of the old one, or it may be an entirely 
new one. 

The second step in testing the assumption, 
that scientists use the process involving 
“hypothesis, expectation and test,” was an 
analysis of Lavoisier’s procedure in investi- 
gation. The results supported the hypothe- 
sis. Lavoisier had motivation. He also 
had a specific goal and he started with 
hypotheses that gave rise to expectations, 
that led to results, that in turn either con- 
firmed or negated the original hypothesis. 
Lavoisier also made use of secondary as- 
sumptions to save hypotheses that were not 
supported by experimental results. 

No claim can be made to generality of the 
“hypothesis, expectation, test” process if 
evidence of its occurrence can be found only 
in the behavior of scientists. If the process 
is truly basic in human behavior and truly 
at the core of the cultural evolutionary 
process, it must be evident in other types 
of behavior. The suggestion was made by 
Milton Rokeach in a personal communica- 
tion that evidence on this point might be 
found in autobiographical writings of a 
non-scientific nature. “The Education of 
Henry Adams” by Henry Adams [6] was 
chosen and carefully scrutinized. The re- 
sults again supported the hypothesis. 

For example, Henry Adams as private 
secretary to his father, the minister to Eng- 
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land during the Civil War, went to Eng- 
land with the belief or hypothesis that the 
English were favorably disposed toward the 
Union. This belief caused Adams to ex- 
pect a certain behavior on the part of the 
British. These expectations were not ful- 
filled and Adams had to change his original 
belief. During Adams stay in England he 
constantly sought evidence testing his new 
hypothesis. He also made use of secondary 
assumptions to save his belief when results 
were contrary to his expectations. 

Success in finding confirmation for the 
hypothesis in the first autobiography ex- 
amined supported the assumption that the 
process was of general occurrence in human 
behavior. This led to the anticipation 
that somewhere in the voluminous liter- 
ature of psychology, knowledge of this proc- 
ess could be found. It was found in the 
work of Kretchevsky, Tinklepaugh, Elliott, 
Tolman, and others. 

Kretchevsky [7] investigated discrimina- 
tion learning in rats in an attempt to dis- 
cover a more adequate explanation of learn- 
ing than the traditional theory involving 
random behavior. He analyzed the dis- 
crimination behavior of individual rats and 
concluded that at no point in the learning 
process did chance or random behavior 
play a part. On the contrary, he inter- 
preted the behavior of the rats to be (1) 
motivated by a drive, (2) goal-directed, 
and (3) tentative or hypothetical in that 
the rats tried different paths in a meaningful 
and integrated manner in the process of 
which they relied on past experiences. 
Kretchevsky inferred that the rats tried 
different “hypotheses”, one after another 
and that each one was accompanied by an 
expectation of success, and that each hy- 
pothesis was discarded for a new one until 
success was attained. 

Kretchevsky’s interpretation of rat be- 
havior may be questioned, but the similarity 
of his description and explanation of this 
behavior to that of Priestley, Lavoisier and 
Adam’s is, at least, suggestive. If Kretch- 
evsky’s interpretation is correct, rats change 
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their hypotheses or beliefs in the same man- 
ner as Priestley, Lavoisier, and Adams did. 
Presumably the “hypothesis, expectation, 
test” process is of general occurrence not 
only in man but also in some animals. 

There is much more evidence in the liter- 
ature of psychology to support this inter- 
pretation of learning behavior. In fact, 
Tolman [8] has created a complete system 
of psychology on this basis. However, for 
the present purpose further details will not 
be recorded. It will be assumed that there 
is enough evidence available to warrant the 
construction of a theory of cultural evolu- 
tion on its basis. 

Returning to the analogy between or- 
ganic and cultural evolution, it is assumed 
that in cultural evolution there are in opera- 
tion; (1) an hereditary factor, (2) a vari- 
ability factor, (3) a combining or synthe- 
sizing factor, and (4) a selection factor. 

In organic evolution the basic element is 
the unitary gene that combines with other 
genes to control the development of the 
individual which is the effective unit in 
evolution. In cultural evolution, the basic 
element presumably is the belief, idea, or 
concept. 

Webster defines a belief as: (1) A state 
or habit of mind in which trust, confidence, 
or reliance is placed in some person or 
thing. (2) A conviction or feeling of the 
truth of some proposition or the reality of 
some being, or phenomenon especially when 
such conviction comes after examination of 
the grounds for accepting it as true or real. 
The author would extend these definitions 
to include “any mentation that guides be- 
havior.” A classification of beliefs would 
include a hierarchy extending from a single 
percept of number, form, color, sound or 
taste to the most complex and involved 
concept or conceptual scheme. It would 
include any thought, idea, image, fact, or 
concept that at any time guided or directed 
the behavior of any individual. An ex- 
ample of the simplest form of a belief would 
be that water is wet. An example of a 


more complex belief would be a scientific 
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theory such as the scientific concepts that 
guided the development of the atomic bomb. 

An infant born into a culture rapidly 
begins to acquire the current beliefs or con- 
cepts of his culture or subculture. His early 
home training is entirely devoted to build- 
ing up within him the correct beliefs. This 
process is continued in the schools, and also 
outside. This is the hereditary aspect of 
cultural evolution. Parents, teachers, books 
and often playmates transmit to the learn- 
ing child the characteristic beliefs or con- 
cepts of that culture. The child in turn 
learns the beliefs and is guided in his be- 
havior by them. 

Variation in beliefs occurs in part 
through the operation of the mechanism or 
process described above. A belief is held 
as a guide to behavior so long as the actual 
results conform to predicted or expected 
results. When behavior is based on cor- 
rect beliefs, that behavior is successful. 
When the belief leads to frustrating results 
contrary to expectation, the belief may be 
changed to a new one, and this process may 
be repeated indefinitely, or until a success- 
ful outcome ensues. 

It is obvious that not all individuals 
change their beliefs readily even in the face 
of contrary evidence and frustrating experi- 
ences. This fact does not negate the hy- 
pothesis that change occurs in this manner. 
In organic evolution many forins have not 
changed for millions of years because their 
environments have remained sufficiently 
constant to permit them to survive without 
change. When local environments have 
changed, migration into other more suitable 
areas has solved the problem of survival. 
The same is true of human individuals. 
Migration to more intellectually suitable 
climates has marked the history of man 
since the beginning of recorded history. 

The process of variation involving hy- 
potheses, expectation, and test may be 
viewed as analogous to gene mutation in 
organic evolution and as such may be the 
primary source of variation. However, 
there is another source of variation which 
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may be equally important to cultural evolu- 
tion. This source of variation is the re- 
combination of old beliefs or ideas. This 
is analogous to recombination of genes in 
sexual reproduction. Such a recombina- 
tion of beliefs results in the discovery of 
new relationships, new understandings, new 
syntheses of known facts. The creation of 
generalizations such as scientific theories is 
an example. Lavoisier’s contribution to 
chemistry was such a recombination of 
known chemical facts. 

Selection in organic evolution is a con- 
sequence of the interaction of organisms 
and environment. It is Darwinian natural 
selection, involving some degree of compe- 
tition or struggle and survival of the fit 
or death of the unfit. In cultural evolution 
this concept may apply to a certain degree 
but it is not a completely satisfactory an- 
swer to the selection of all beliefs. Beliefs 
do not struggle for a limited food supply 
nor do they die in the sense that organisms 
die. It is necessary to find another cri- 
terion for selection of beliefs. What is this 
criterion ? 

In cultural evolution there are several 
selective processes. One relates to the se- 
lection of goals and another to selection of 
hypotheses. Both goals and hypotheses are 
forms of belief. Before we can discuss the 
process of selection of either it is necessary 
to discuss motivation. 

Motivation begins with physiological 
drives. Hunger, thirst, pain or sex set up 
tensions within an organism that stimulate 
behavior. The organism is either taught 
or it learns by trial and error that the at- 
tainment of certain goal objects will relieve 
the tension. The relieved state has been 
termed homeostasis and it may be said 
that the organism seeks primarily a homeo- 
static state and that it seeks secondarily the 
goal that will bring this homeostatic state. 

Within a culture, that is, within a social 
situation, drives other than physiological 
drives may operate. Such social or cul- 
tural drives originate in a lack of social or 
cultural homeostasis. That lack motivates 
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the individual to seek goals to achieve a 
homeostatic state. Peace with one’s family, 
or with one’s neighbors, or with all men is 
such a homeostatic state. Ego supremacy 
and the achievement of status in a com- 
munity is another such homeostatic state. 
There are many others but they all derive 
their motivating power from tensions that 
grow out of social interaction and which 
can be relieved only when the individual 
changes his position with respect to the 
social situation. To prevent a possible mis- 
conception concerning cultural homeostasis, 
it should be noted that a static nonchanging 
state to which the organism invariably re- 
turns, is not necessarily implied by cultural 
homeostasis. The process of growth or 
change may itself be homeostatic. For ex- 
ample, a scientist may be said to find his 
cultural homeostasis in the process of mak- 
ing discoveries. 

Homeostasis whether physiological or so- 
cial, may be called the primary goal of 
organisms. The objects or conditions which 
release tensions due to lack of homeostasis 
may be designated secondary goals. Food 
would constitute such a secondary goal if 
the lack of homeostasis was due to hunger ; 
or the attainment of social status might be 
a secondary goal if the lack of homeostasis 
was social. Knowledge of secondary goals 
must be learned, and, presumably, most of 
this learning is done by “trial and error”, 
in which the organism learns through ex- 
perience which objects or conditions bring a 
satisfactory release of tension and which 
do not. Secondary goals that bring satis- 
faction are selected over those that do not. 
It is in the selection of secondary goals that 
value judgments operate. Those goals that 
bring a satisfactory return to homeostasis 
are valued more highly than those that do 
not. 

Secondary goals become beliefs after an 
organism has learned to evaluate them. 
They are beliefs in the sense that the or- 
ganism knows or believes that they can re- 
lieve tensions due to lack of homeostasis. 
We will designate them as beliefs of the 
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first order, in order to separate them from 
other beliefs, hereafter called beliefs of a 
second order (hypotheses), that operate in 
a different category. 

Beliefs of a second order are those beliefs 
or hypotheses that guide an individual to- 
ward a goal. In rat experiments where a 
rat must choose one of several alleys to 
reach a food box, the various alley-choices 
represent beliefs of the second order. In 
Priestley’s experiments, his sequence of hy- 
potheses represent second order beliefs. 
Selection of second order beliefs is governed 
by the success or failure of the trial. The 
rat learned to select the path that led to the 
goal and Priestley selected the hypothesis 
that best fitted his experimental results. 

There is a second criterion of selection of 
second order beliefs. Sometimes two or 
more paths lead to the same goal. What 
determines which path shall be taken? A 
group of experiments described by Tol- 
man [8] offers a clue. In one of these ex- 
periments, two routes led to the food box, 
but one was shorter than the other. The 
rats chose the shorter route. In this and 
other similar experiments, both the shortest 
distance and the shortest time were in- 
volved. In an attempt to discover whether 
rats would select the path involving the 
shortest time, with distance constant, Tol- 
man devised a maze involving detention 
chambers. Here, the rats chose the path 
involving the shortest time. Tolman sug- 
gests that the choice may be governed by a 
principle of “Least Effort.” He states: “It 
appears possible that further experiments, 
in which spatial and temporal and force- 
resisting delays were paired in all possible 
permutations and combinations, one against 
another, would uncover the fact of a single 
dimension of ‘Least Effort’ running through 
them all.” Tolman is not the first, nor the 
last, to make something of the principle of 
least effort. Zipf [9] in Human Behavior 
and the Principle of Least Effort, attempts 
to develop this principle into one which 
governs the whole of human behavior. It 
is probably apparent by this time that 
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“Least Effort” is the criterion by which 
selection of some second order beliefs is 
made. 

Turning now to a consideration of a 
culture as a whole, any culture, at any time, 
consists of a common core of beliefs that 
characterize that culture. This includes all 
knowledge from the simplest facts to the 
most complex generalizations. It includes 
religious beliefs, ethical beliefs, philoso- 
phies, economic beliefs, concepts of justice, 
mores, customs, and other various ideas 
that serve to guide individuals and groups 
of individuals through life. In small cul- 
tures, encompassing a uniform environment, 
such a common core may be almost uni- 
versal. In cultures having larger numbers 
and occupying a more varied environment, 
greater variation occurs in the beliefs. But 
whether the cultures are large or small, the 
beliefs held by the culture represent the 
answers that the culture has found to its 
problems of existence and growth. And so 
long as the environment, either physical, 
biological, or social does not change, the 
beliefs may remain unchanged. However, 
if the environment changes, the culture 
faces new problems, and the existing beliefs 
may be inadequate to solve these problems. 
At such times the process of “belief, expec- 
tation, test’ coupled with the process of 
combination or synthesis of new concepts, 
produce variations in belief that may solve 
the novel problem. 

Changes in the physical environment may 
include changing climate, storms, volcanic 
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eruptions, floods, etc. Changes in the bio- 
logical environment may be caused by an 
increase in pests, by new diseases, by over- 
population, or by a failure in the food sup- 
ply. Changes in the social environment 
may be due to breakdown of economic sys- 
tems, competing ideologies, aggressive war- 
like nations, the influx of new ideas from 
other cultures or by discoveries and inven- 
tions within the culture itself. But what- 
ever the cause of the environmental changes, 
the beliefs of the culture must change, if 
the current beliefs are inadequate to meet 
the challenge of the new situations. The 
alternative may be degeneration and finally 
death of the culture. 
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JOSEPH PRIESTLEY AND THE PROCESS OF 
CULTURAL EVOLUTION * 
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sco appears to be more or less general 
agreement that some kind of evolution- 
ary process operates at the human social 
level. At least the term evolution is used 
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over and over with reference to ideas, cus- 
toms, institutions, etc. However, many 
sociologists apparently have given up the 
attempt to investigate and understand hu- 
man society from the evolutionary point of 
view. Presumably the prevalence of this 
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negative attitude is due to the lack of knowl- 
edge of a mechanism or process by means of 
which human social or cultural evolution 
might occur. On the basis of the assump- 
tion that modern knowledge of organic evo- 
lution would serve as a guide in the dis- 
covery of the mechanism or process of 
cultural evolution the author sought for and 
found a fairly convincing analogy between 
the mechanism or process of organic evolu- 
tion and events that occurred at the human 
social level [1]. Analogies prove nothing, 
but they may be useful in suggesting lines 
of investigation. In this instance the anal- 
ogy suggested a similarity in function in the 
two evolutionary processes between individ- 
ual organisms and ideas. Thus in cultural 
evolution, ideas may be the units through 
which the evolutionary process operates 
just as in organic evolution the organism 
is the unit through which the organic evolu- 
tionary process operates. This possible 
correspondence between organism and 
ideas, in turn, suggested that the appearance 
of new ideas may be analogous to the ap- 
pearance of mutant organisms at the or- 
ganic level. This led finally to the hope 
that an investigation of the origin of new 
ideas might display the mechanism or proc- 
ess of cultural mutation, or that it might 
lead to an insight into the basic process of 
cultural evolution itself. One of the best 
sources of new ideas is the work of scientists 
in making discoveries, so attention was 
focused on this process. 

During recent years much attention has 
been given to the methods by which sci- 
entists make discoveries. This interest has 
been stimulated in part by the desire to 
inform the public of the nature of science 
and of the part it plays in society. Many 
science courses in general education pro- 
grams have focused their attention on the 
method or methods of discovery rather than 
on subject matter alone. However, despite 
this attention, there is some disagreement 
concerning the scientific method. In fact, 
some claim that there is no single method 
but rather as many methods as there are 
different fields of investigation. 
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Probably all descriptions of the scientific 
method include the making of hypotheses, 
the flash of an inspiration, the lucky guess, 
etc., but in none of them is there any clear 
delineation of exactly what occurs in the 
mind of the investigator at such times or 
what experiences or processes are involved. 
There are other obscurities but this should 
suffice for illustration of the task to be at- 
tempted. In an attempt to clarify this con- 
fusion, the author took advantage of the 
availability of an excellent account of a sci- 
entific discovery—“The Overthrow of the 
Phlogiston Theory” edited by James Bryant 
Conant [2]. This contains an_ historical 
account of the events that transpired to 
bring about “The Chemical Revolution of 
1775-1789.” Within this account is in- 
cluded Priestley’s own description of the 
discovery of oxygen. Fortunately Priestley 
wrote in such a complete and intimate 
manner that much of the progress of his 
thinking is recorded. The following ac- 
count is an analysis of Priestley’s writings 
from which we may obtain a better under- 
standing of what, at least, one scientist did 
in making a great discovery and also from 
which we may obtain an hypothesis concern- 
ing the process of mutation in cultural 
evolution. 

In this investigation of the process of 
scientific discovery, the author started with 
an hypothesis derived from previous work 
[1]. It is as follows: An investigator be- 
gins with a belief, conviction or hypothesis 
concerning the nature of certain phenom- 
ena. On the basis of this belief the investi- 
gator makes observations of the phenomena. 
These may be controlled observations as in 
an experiment or they may be uncontrolled, 
but in either case the initial belief gives the 
investigator certain expectations concerning 
the results of the observations. If the re- 
sults conform to the expectations, the origi- 
nal belief is strengthened. If, however, tlie 
actual results differ noticeably from the 
expected results several things may happen. 
First, the investigator may explain away 
the differences by means of a secondary hy- 
pothesis. Second, he may be stimulated to 
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ic doubt the accuracy of his observations, or, tate for oxide of mercury prepared with 
_ if upon repeating them, he finds no error, nitric acid. The significance of this fact 
I I 
- he may doubt the original hypothesis or will be apparent later. 
ar belief and seek a substitute. If the original Priestley began his experiments with 
he hypothesis must be discarded the search mercurius calcinatus. He heated this sub- 
- for a substitute involves the relating of facts stance and obtained a gas which he believed 
d. obtained from the observation with similar to be fixed air (now known as carbon di- 
ld or related experiences within his knowledge. oxide). Here, then, is Priestley’s initial 
" The memory of these experiences furnishes _ belief or hypothesis. The gas was fixed air. 
n- the new hypothesis, which may be a modifi- Presumably Priestley obtained this belief 
he cation, only, of the old one, or it may be an from the work of Bayen who previously 
. entirely new one. had identified the gas as fixed air. In any 
he The major factors in the process, then, case he proceeded to apply experimental 
nt are: (1) belief giving rise to expected re- tests to the gas that were known to be ap- 
al sults of further observation, (2) observa- propriate to this gas. Fixed air was sol- 
to tion, (3) results that coincide with expecta- uble in water and would not support com- 
of tion or results that differ from expectation, bustion so Priestley attempted both tests. 
n- (4) the difference stimulates doubt of ac- In relation to these experiments Priestley 
* curacy of observation or of original belief, stated: 
“y and (5) the new belief paar when the con With this apparatus, I endeavoured to 
te vestigator finds a similarity between his ob- extract air from mercurius calcinatus per se; 
‘s servations and some past experience, or the re I presently — — +++, air was expelled 
rom it very readily. aving got about three or 
C- syed belief develops by modification of a four times as much as the bulk of my materials, 
rs belief already held. I admitted water to it, and found that it was not 
r- The test of the above hypothesis is the imbibed by it. [First difference between ex- 
‘ pected results and actual results]. 
id observation of scientists at work. Modern But what surprized me more than I can well 
- scientific publications are formalized in a_ express, was, that a candle burned in this air 
. pattern which omits the stages of thinking with a remarkably vigorous flame, [Second dif- 
4 . ference xpected and ac ery 
1 that produced the recorded discoveries. e between expected and actual result] very 
much like that enlarged flame with which a 
Fortunately Priestley wrote in a different candle burns in nitrous air, exposed to iron or 
of style and consequently has left us an un- _ liver of sulphur; [Here Priestley compared new 
f usual record of a discovery in the making, observation with past experience] but as I had 
the oh hie think? got nothing like this remarkable appearance from 
k any kind of air besides this particular modifica- 
. process. These stages, which correspond tion of nitrous air and I knew no nitrous acid 
be to those listed above, have been indicated in was used in the preparation of mercurius cal- 
; the proper places in the quotation taken cinatus, I was utterly at a loss how to account 
4 A for it. 
a from Priestley’s writings. 
: Priestley was interested in gases and in The differences in results that Priestley 
fh this instance he was interested particularly noted upon applying tests for fixed air re- 
1 in the gas (now known as oxygen) that can sulted in an immediate change in his belief 
. be obtained by heating oxide of mercury. or hypothesis concerning the identification 
g Some of the mercury oxide used by Priest- of the gas. He no longer believed it to be 
” ley was prepared by heating mercury in fixed air but instead he believed that it was 
% air, while some was produced by chemical “phlogisticated nitrous air.” He arrived 
" interaction of mercury with nitric acid. We at this new belief because of the similarity 
* know now that the oxide of mercury is the of the properties of the two gases. Both 
, same in both instances but Priestley did gases supported combustion. The past ex- 
y not know this. He used the name mercurius perience of Priestley which led to this er- 
4 calcinatus for mercury oxide prepared by roneous identification of the gas is described 
‘ heating and the name common red precipi- by Conant as follows: 
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(Priestley) tested the “new air” (which was 
in reality oxygen) with a lighted candle and 
found that the candle was not extinguished but 
burned brightly. Now a few years before, Priest- 
ley had prepared an oxide of nitrogen that has the 
unusual property of supporting combustion. He 
did not know, of course, that it was an oxide of 
nitrogen, but he called it “phlogisticated nitrous 
air” for he had prepared it by letting “nitrous 
air” (nitric oxide) stand with metallic-iron or 
certain other substances which decompose the 
nitric oxide, taking away some of the oxygen and 
yielding the other oxide, which supports combus- 
tion. 

Priestley now had a new hypothesis. The 
new air was “phlogisticated nitrous air,” 
but he was not completely satisfied. The 
new hypothesis led to certain difficulties. 
As Priestley stated it, “. . . but as I had 
got nothing like this remarkable appearance 
from any kind of air besides this particular 
modification of nitrous air and I knew no 
nitrous acid was used in the preparation of 
mercurius calcinatus, I was utterly at a loss 
how to account for it.” 

Priestley’s dissatisfaction with his new 
hypothesis was due to an immediately ap- 
parent difference between the new air and 
“phlogisticated nitrous air.” That is, de- 
spite the similarity of both gases in sup- 
porting combustion a difference between the 
two gases could not be ignored. This differ- 
ence was related to the method of prepara- 
tion. 

According to Priestley nitrous air con- 
tained “nitre” and if this new gas was 
“phlogisticated nitrous air” it must also 
contain “nitre,” but the mercurius calcin- 
atus from which the gas was derived had 
been prepared by heating mercury alone in 
air and without contact with any known 
source of “nitre.” Priestley stated “. . . 
and I knew no nitrous acid was used in 
the preparation of mercurius calcinatus. . . .” 

Priestley overcame his difficulty and 
saved his hypothesis by explaining away the 
apparent difference between “phlogisticated 
nitrous air” and the gas derived from mer- 
curius calcinatus. He did this by assuming 
that the new gas must contain “nitre”; 
that it must have obtained it from the 
mercurius calcinatus, and that the mer- 
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curius calcinatus must have obtained it di- 
rectly from the atmosphere. He was led 
to this assumption by the results of experi- 
ments with common red precipitate. He 
stated, 


At the same time. that I made the above- 
mentioned experiment, I extracted a quantity of 
air, with the very same property, from the com- 
mon red precipitate, which being produced by a 
solution of nitre, made me conclude that this 
peculiar property, being similar to that of the 
modification of nitrous air above mentioned, de- 
pended upon something being communicated to it 
by the nitrous acid; and since the mercurius cal- 
cinatus is produced by exposing mercury to a 
certain degree of heat, where common air has 
access to it, I likewise concluded that this sub- 
stance had collected something of nitre, in that 
state of heat, from the atmosphere. 


However, Priestley was not completely 
satisfied with the assumption that “nitre” 
comes from the atmosphere in the prepara- 
tion of mercurius calcinatus. An alterna- 
tive possibility occurred to him that the mer- 
curius calcinatus that he used may in reality 
have been nothing other than common red 
precipitate. In short, his doubt was re- 
moved from his original hypothesis and di- 
rected toward the validity of his experi- 
mental results. He stated, 


This, [the assumption that nitre comes from 
the atmosphere in the preparation of mercurius 
calcinatus] however, appearing to me much more 
extraordinary than it ought to have done, I enter- 
tained some suspicion that the mercurius cal- 
cinatus, on which I had made my experiments, 
being bought at a common apothecary’s, might, 
in fact, be nothing more than red precipitate; 
. . » However, mentioning this suspicion to Mr. 
Warltire, he furnished me with some that he 
had kept for a specimen of the preparation, and 
which, he told me, he could warrant to be 
genuine. This being treated in the same manner 
as the former, only by a larger continuance of 
heat, I extracted much more air from it than 
from the other. 

This experiment might have satisfied any mod- 
erate skeptic; but, however, being in Paris in 
October following, and knowing that there were 
several very eminent chymists in that place, I 
did not omit the opportunity, by means of my 
friend Mr. Magellan, to get an ounce of mercurius 
calcinatus prepared by Mr. Cadet, of the genuine- 
ness of which there could not possibly be any 
suspicion; ... 

At the same time, I had no suspicion that the 
air which I had got from the mercurius calcinatus 
was even wholesome, so far was I from knowing 
what it was that I had really found; taking it 
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for granted, that it was nothing more than such 
kind of air as I had brought nitrous air to be by 
the processes above mentioned; and in this air 
I have observed that a candle would burn some- 
times quite naturally, and sometimes with a beauti- 
ful enlarged flame, and yet remain perfectly 
noxious. 


Priestley still believed his gas to be ni- 
trous air and inasmuch as he had confirmed 
the difference between mercurius calcinatus 
and red precipitate he still must make the 
assumption that. “nitre’” comes from the 
atmosphere in the preparation of mercurius 
calcinatus. Shortly he received evidence 
confirming his belief that the atmosphere 
contributes “nitre” to mercurius calcinatus. 


At the same time that I had got the air above 
mentioned from mercurius calcinatus and the red 
precipitate, I had got the same kind from red 
lead or minium. In this process, that part of 
the minium on which the focus of the lens had 
fallen, turned yellow. One third of the air, in 
this experiment, was readily absorbed in water, 
but, in the remainder, a candle burned very 
strongly, and with a crackling noise. 

That fixed air is contained in red lead I had 
observed before; for I had expelled it by the 
heat of a candle, and had found it to be very 

This experiment with red lead confirmed me 
more in my suspicion, that the mercurius cal- 
cinatus must get the property of yielding this 
kind of air from the atmosphere, the process by 
which that preparation, and this of red lead is 
made, being similar. . . . 


The confirmation of Priestley’s hypothe- 
sis that the nitrous air gets nitre from the 
atmosphere consisted in finding another case 
in which the factors were similar. The 
substance was different (red lead instead of 
mercurius calcinatus) but the method of 
preparation was the same and the air pro- 
duced was the same. It represents another 
case in which the assumed “nitre” can have 
come only from the atmosphere. 

At this point Priestley believed he had 
nitrous air but he was by no means com- 
pletely convinced because as he stated his 
position “This experiment with red lead 
confirmed me more in my suspicion, that 
the mercurius calcinatus must get the prop- 
erty of yielding this kind of air from the 
atmosphere, . . .”” 

Being not fully convinced of the nature of 
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his air and continuing his experiments 
Friestley shortly noticed a difference in be- 
havior of his gas from what one would 
expect of nitrous air. 


Presently after my return from abroad, I went 
to work upon the mercurius calcinatus, which I 
had procured from Mr. Cadet, and with a very 
moderate degree of heat, I got from about one 
fourth of an ounce of it, an ounce measure of air, 
which I observed to be not readily imbibed, either 
by the substance itself from which it had been 
expelled (for I suffered them to continue a long 
time together before I transferred the air to any 
other place) or by water, in which I suffered 
this air to stand a considerable time before I 
made any experiment upon it. 

In this air, as I had expected, a candle burned 
with a vivid flame; but what I observed now 
at this time, (Nov. 19) and which surprized me 
no less than the fact I had discovered before, was, 
that, where as a few moments agitation in water 
will deprive the modified nitrous air of its prop- 
erty of admitting a candle to burn in it; yet, 
after more than ten times as much agitation as 
would be sufficient to produce this alteration in 
nitrous air, no sensible change was produced in 
this. A candle still burned in it with a strong 
flame. 

But I was much more surprized, when, after 
two days, in which this air had continued in con- 
tact with water (by which it was diminished 
about one twentieth of its bulk) I agitated it 
violently in water about five minutes, and found 
that a candle still burned in it as well as in 
common air. The same degree of agitation would 
have made phlogisticated nitrous air fit for respir- 
ation, but it would certainly have extinguished a 
candle. 


Again Priestley started his experiments 
with certain expectations concerning the re- 
sults and again the results differed from 
the expectations. These differences stimu- 
lated a question and set the stage for further 
inquiry. However, before following Priest- 
ley further in his investigations it may be 
pertinent to ask how he happened to per- 
form the experiments mentioned above and 
how he happened to notice the differences. 
The significance of this question is that the 
results of these experiments gave Priestley 
the hint that eventually led to the discovery 
of oxygen. 

Priestley did not state what thinking led 
him to agitate the air with water and then 
test with lighted candle, so we must infer 
what it must have been. As we know 
Priestley thought his gas was a modified 


a 


WICOLUGALY 


r 


4 
i- 
ad 
le 
of 
n- 
a 
is 
he 
le- 
it 
| 
a 
as 
b- 
ly 
a- 
ty 
ed 
e- 
li- 
ri- 
om 
us > 
re 
al- 
ts, 
ht, 
e; 
fr. 
he 
nd 
be 
er 
of 
an 
in 
re 
I 
ny 
jus 
1€- 
ny 
the 
tus 
ng 
it 


272 ScieENcE EpucATION 


form of “nitrous air.” This “nitrous air” 
that Priestley had prepared previously was 
our modern nitrous oxide or laughing gas. 
Priestley’s preparation of this gas from 
nitric oxide resulted in a mixture from 
which agitation in water would remove the 
nitrous oxied or laughing gas. Apparently 
Priestley obtained the first hint that even- 
tually led to the discovery of oxygen by a 
commonplace laboratory procedure and not 
by any sudden stroke of brilliance. He 
thought his new gas was “modified nitrous 
air,” so he applied a known test for the 
identification of “nitrous air.” The gas did 
not behave as it should have had it been 
“nitrous air’ and Priestly recognized the 
fact. 

Priestley continued: 

The facts fully convinced me, that there must 
be a very material difference between the con- 
stitution of the air from mercurius calcinatus, and 
that of phlogisticated nitrous air, notwithstanding 
their resemblance in some particulars. But 
though I did not doubt that the air from mer- 
curius calcinatus was fit for respiration, after be- 
ing agitated in water, as every kind of air without 
exception, on which I had tried the experiment, 
had been, I still did not suspect that it was 
respirable in the first instance; so far was I from 
having any idea of this air being, what it really 
was, much superior, in this respect, to the air of 
the atmosphere. 

In this ignorance of the real nature of this 
kind of air, I continued from this time (Novem- 
ber) to the first of March following; ... But in 
the course of this month, I not only ascertained 
the nature of this kind of air, though very gradu- 
ally, but was led by it to the complete discovery 
of the constitution of the air we breathe. 

At this point Priestley was without a 
substitute hypothesis for the one he had 
discarded. He eventually thought of a new 
one by following the same procedure he 
used to formulate the first one. When he 
made his first hypothesis he used as his 
criterion the property of supporting com- 
bustion. Both “phlogisticated nitrous air” 
and the new gas supported combustion, 
hence the new gas was some form of “ni- 
trous air.” When this hypothesis was no 
longer tenable Priestley found a substitute 
by again using the property of supporting 
combustion as a criterion and remembering 
another gas with this property. The gas he 


[VoL. 38, No. 4 


remembered, or thought of, this time was 
common air. Hence the new gas might 
be common air. 

In order to understand Priestley’s next 
steps it is necessary to quote again from 
Conant, who stated: 


In order to read intelligently the papers by 
Lavoisier and Priestley dealing with the discovery 
of oxygen, a few facts about the oxides of nitro- 
gen must be at hand. These facts are related 
to Priestley’s “nitrous air test” for the purity of 
common air. Priestley had some years before 
prepared an oxide of nitrogen that plays an im- 
portant part in this story; it is nitric oxide (NO) 
called by Priestley and his contemporaries “ni- 
trous air.” Priestley knew that this colorless 
gas, which is insoluble in water, when mixed 
with air produced a red gas (“red fumes”) that 
was soluble in water. He found that air in 
which a candle had been burned until the flame 
went out would not produce soluble red fumes 
with “nitrous air”. The reason for this we know 
now, is that the reaction is between the “nitrous 
air’ and the oxygen: 

2NO + O: 

“nitrous air” plus oxygen yields at once “red 
fumes” that dissolve in water. Since the product 
of this almost instantaneous reaction is soluble in 
water, it is evident that if the two gases are 
mixed over water there will be a diminution in 
volume. Indeed, if only the two pure gases were 
at hand and the volumes were chosen correctly, 
there would be no residual gas left after the reac- 
tion; the diminuation would be complete. Since 
air is only about one-fifth oxygen, there will al- 
ways be a large amount of residual gas when 
“nitrous air” and common air are mixed; the 
nitrogen does not react and is only very slightly 
soluble in water. 

Priestley conceived the idea of using this reac- 
tion to test the goodness of common air. He 
found by repeated trials that with ordinary air 
(the best he knew) the maximum contraction 
occurred when one volume of “nitrous air” was 
mixed with two volumes of common air over 
water. Under these conditions the residue, meas- 
ured a few minutes later, was only about 1.8 
volumes. That is, the diminuation in volume was 
as great as the whole volume of added “nitrous 
air” and about 20 per cent more! With air that 
was thoroughly “bad” the final volume would be 
equal to the volume of the “nitrous air” plus the 
common air (three volumes). Intermediate val- 
ues represented to Priestley intermediate grades 
of “goodness.” This test was well known among 
chemical investigators since Priestley had pub- 
lished his results in 1772. It was therefore 
natural that not only Priestley himself but Lavo- 
isier should apply the “nitrous air test” to any 
new “air” that would support combustion. 

. . . From the preceding paragraphs it will be 
evident to the reader that “nitrous air” and pure 
oxygen react, and when the reaction is carried 
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out over water a large contraction in volume 
occurs. If Priestley’s standard procedure for 
testing the goodness of air is followed, one vol- 
ume of “nitrous air” will be added to two vol- 
umes of oxygen. Under these conditions all the 
“nitrous air” is used up but a large amount of 
oxygen is left over. The actual diminuation in 
volume will be deceptively similar to that found 
when common air is at hand, but the residual gas 
instead of being nitrogen is oxygen. There is a 
small but significant quantitative difference. With 
common air the resulting gas—the residue—oc- 
cupies only 1.8 volumes if 2.0 volumes are initially 
employed; with pure oxygen the final volume is 
nearer 1.6 volumes. The fact that these numbers 
are as close as they are is more or less an acci- 
dent since Priestley chose his standard operating 
procedure purely empirically (by trial and error) ; 
with larger amounts of “nitrous air,” the differ- 
ence between common air and oxygen would be 
more apparent, as will be evident in a moment. 
At all events, both Priestley and Lavoisier over- 
looked the clue offered to them by the somewhat 
larger diminuation in volume of the new gas 
when subjected to Priestley’s test for its “good- 
ness.” 


Priestley used the nitrous air test after 
he thought of common air as a substitute 
hypothesis for “modified nitrous air.” He 
stated : 


Till this 1st of March, 1775, I had so little 
suspicion of the air from mercurius calcinatus, 
etc. being wholesome, that I had not even thought 
of applying to it the test of nitrous air; but 
thinking (as my reader must imagine I fre- 
quently must have done) on the candle burning 
in it after long agitation in water, it occurred to 
me at last to make the experiment; and putting 
one measure of nitrous air to two measures of 
this air, I found, not only that it was diminished 
quite as much as common air, and that the red- 
ness of the mixture was likewise equal to that 
of a similar mixture of nitrous and common air. 

After this I had no doubt but that the air from 
mercurius calcinatus was fit for respiration, and 
that it had all the other properties of genuine 
common air. But I did not take notice of what 
I might have observed, if I had not been so fully 
possessed of the notion of there being no air 
better than common air, that the redness was 
really deeper, and the diminuation something 
greater than common air would have admitted. 


Priestley missed the differences this time 
between the expected results and actual re- 
sults. Presumably this was due to small- 
ness of the differences. Apparently differ- 
ences must have a certain magnitude before 
they are recognized. 

However, having overlooked the signifi- 
cant clues in this instance Priestley con- 
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tinued to believe that he was dealing with 
common air and he felt it necessary to 
explain how the air from mercurius cal- 
cinatus could have acquired the properties 
of common air. This he did by extending 
his earlier assumption that spirit of nitre 
is obtained from the atmosphere. He said, 

Moreover, this advance in the way of truth, in 
reality, threw me back into error, making me give 
up the hypothesis I had first formed, viz. that the 
mercurius calcinatus had extracted spirit of nitre 
from the air; for I now concluded, that all the 
constituent parts of the air were equally, and in 
their proper proportion, imbibed in the prepara- 
tion of this substance, and also in the process of 
making red lead. For at the same time that I 
made the above-mentioned experiment on the air 
from mercurius calcinatus, I likewise observed 
that the air which I had extracted from red lead, 
after the fixed air was washed out of it, was of 
the same nature, being diminished by nitrous air 
like common air; but, at the same time, I was 
puzzled to find that air from the red precipitate 
was diminished in the same manner, though the 
process for making this substance is quite differ- 
ent from that of making the two others. But to 
this circumstance I happened not to give much 
attention. 

By use of the “nitrous air” test Priestley 
had confirmed his hypothesis that the air 
from mercurius calcinatus was common air. 
The fact that he missed the small differ- 
ences in the results of his “nitrous air” test 
is of great significance, because he thereby 
lost the stimuli that would otherwise have 
called attention to his error. Lacking these 
stimuli he had nothing to prompt a ques- 
tion and nothing to lead him on to another 
hypothesis and to further inquiry. His 
continuous, logical, stepwise advance into 
the unknown was effectively blocked. How- 
ever, as we know, he was not stopped here. 
Instead he proceeded and discovered the 
true nature of the gas. What factor or 
factors enabled him to extricate himself 
from the cul-de-sac? It was chance, an 
accidental event that happened without pre- 
meditation and without foresight. The re- 
sult of the accidental event was to demon- 
strate very sharply a difference between the 
expected results and actual results of his 
“nitrous air” test and thus to supply the 
stimulus that he had failed to get by con- 
scious, premediated action. 
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To understand Priestley’s accidental dis- 
covery it must be recalled that when “ni- 
trous” air is mixed with common air the 
oxygen combines with “nitrous air” form- 
ing nitrous oxide, which immediately dis- 
solves in water. The gas residue is 
nitrogen. When “nitrous air” is combined 
with pure oxygen in the same proportions 
as with common air, the “nitrous air” com- 
bines with some of the oxygen and forms 
nitrous oxide, which dissolves in water. 
Again a gas residue remains but this time 
it is pure oxygen and not nitrogen. 

Priestley continued : 


I wish my reader be not quite tired with the 
frequent repetition of the word surprize, and 
others of similar import; but I must go on in that 
style a little longer. For the next day I was 
more surprized than ever I had been before, with 
finding that, after the above mentioned mixture 
of nitrous air and the air from mercurius cal- 
cinatus, had stood all night, (in which time the 
whole diminuation must have taken place; and 
consequently, had it been common air, it must 
have been perfectly noxious, and entirely unfit for 
respiration or inflammation) a candle burned in 
it, and even better than common air. 

I cannot, at this distance of time, recollect what 
it was that I had in view in making this experi- 
ment; but I know I had no expectation of the 
real issue of it. Having acquired a considerable 
degree of readiness in making experiments of this 
kind, a very slight and evanescent motive would 
be sufficient to induce me to do it. If, however, 
I had not happened, for some other purpose, to 
have a lighted candle before me, I should prob- 
ably never have made the trial; and the whole 
train of my future experiments relating to this 
kind of air might have been prevented. 


Thus by accident Priestley discovered a 
difference. However, he did not immedi- 
ately conclude that his air was something 
other than common air. Previously he had 
been unwilling to accept readily the idea 
that mercurius calcinatus acquired the spirit 
of nitre from the atmosphere. The assump- 
tion was too “extraordinary.” And now 
this experience is too extraordinary to be 
considered seriously at first. He stated, 

Still, however, having no conception of the 
real cause of the phenomena, I considered it as 
something very extraordinary; but as a property 
that was peculiar to air extracted from these 
substances, and adventitions; and I always spoke 


of the air to my acquaintance as being substantu- 
ally the same thing with common air. I partic- 
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ularly remember my telling Dr. Price, that I was 
myself perfectly satisfied of its being common 
air, as it appeared to be so by the test of nitrous 
air; though, for the satisfaction of others, | 
wanted a mouse to make the proof quite complete. 


Priestley’s accident didn’t have an imme- 
diate effect on his conscious thinking. Ap- 
parently he needed more than one incident 
to impress the difference upon his mind. 
So he explained away the difference and 
proceeded with his experiments still under 
the impression that he was dealing with 
common air.. Out of these experiments 
came other differences that he did not 
ignore. 


On the 8th of this month I procured a mouse, 
and put it into a glass vessel, containing two 
ounce-meas«res of the air from mercurius cal- 
cinatus. Had it been common air, a full-grown 
mouse, as this was, would have lived a full half 
hour; and though it was taken out seemingly 
dead, it appeared to have been only exceedingly 
chilled; for, upon being held to the fire, it pres- 
ently revived, and appeared not to have received 
any harm from the experiment. 

By this I was confirmed in my conclusion, that 
the air extracted from mercurius calcinatus, etc. 
was, at least, as good, as common air; but I did 
not certainly conclude that it was any better; 
because, though one mouse would live only a 
quarter of an hour in a given quantity of air; I 
knew it was not impossible but that another mouse 
might have lived in it half an hour; so little ac- 
curacy is there in this method of ascertaining the 
goodness of air: and indeed I have never had 
recourse to it for my own satisfaction, since the 
discovery of that most ready, accurate, and ele- 
gant test that nitrous air furnishes. But in this 
case I had a view to publishing the most generally- 
satisfactory account of my experiments that the 
nature of the thing would admit of. 


Priestley again noticed a difference be- 
tween expected results and actual results. 
The mouse lived longer than expected. As 
before Priestley did not accept this differ- 
ence at once but explained it away. In this 
case he explained the difference as due to 
normal variation in mice. But also, as 
usual, after he had lived with the new fact 
for awhile it gained in significance. Priest- 
ley’s behavior suggested that new facts had 
to go through a latent period before becom- 
ing acceptable to conscious consideration. 

This experiment with the mouse, when I had 


reflected upon it sometime, gave me so much 
suspicion that the air into which I had put it was 
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better than common air, that I was induced, the 
day after to apply the test of nitrous air to a 
small part of that very quantity of air which the 
mouse had breathed so long; so that had it been 
common air, I was satisfied it must have been 
very nearly, if not altogether, as noxious as pos- 
sible, so as not be affected by nitrous air; when 
to my surprize again, I found that though it had 
been breathed so long it was still better than 
common air. .For after mixing it with nitrous 
air, in the usual proportion of two to one, it was 
diminished in the proportion of 4% to 3%; that 
is, the nitrous air had made it two ninths less 
than before, and this in a very short space of 
time; whereas I had never found that, in the 
largest time, any common air was reduced more 
than one fifth of its bulk by any proportion of 
nitrous air, nor more than one fourth by any 
phlogistic process whatever. 

Thinking of this extraordinary fact upon my 
pillow, the next morning I put another measure of 
nitrous air to the same mixture, and, to my utter 
astonishment, found that it was farther diminished 
to almost one half of its original quantity. I 
then put a third measure to it; but this did not 
diminish it any farther; but, however, left it one 
measure less than it was even after the mouse 
had been taken out of it. 

Being now fully satisfied that this air, even 
after the mouse had breathed it half an hour, was 
much better than common air; [Priestley finally 
accepts the evidence of the differences and modi- 
fies his hypothesis; the air is now better than 
common air] and having a quantity of it still left, 
sufficient for the experiment, viz. an ounce meas- 
ure and a half, I put the mouse into it; when I 
observed that it seemed to feel no shock upon 
being put into it; evident signs of which would 
have been visible, if the air had not been very 
wholesome; but that it remained perfectly at its 
ease another full half hour, when I took it out 
quite lively and vigorous. Measuring the air the 
next day, I found it to be reduced from 1% to % 
of an ounce measure. And after this, if I remem- 
ber well (for in my register of the day I only 
find it noted, that it was considerably diminished 
by nitrous air) it was nearly as good as common 
air. It was evident, indeed, from the mouse having 
been taken out quite vigorous, that the air could 
not have been rendered very noxious. 

For my further satisfaction I procured another 
mouse, and putting it into less than two ounce- 
measures of air extracted from mercurius cal- 
cinatus and air from red precipitate (which having 
found them to be of the same quality, I had mixed 
together) it lived three quarters of an hour. But 
not having had the precaution to set the vessel in 
a warm place, I suspect that the mouse died of 
cold. However, as it had lived three times as 
long as it could probably have lived in the same 
quantity of common air, and I did not expect 
much accuracy from this kind of test, I did not 
think it necessary to make any more experiments 
with mice. 

Being now fully satisfied of the superior good- 
ness of this kind of air, I proceeded to measure 
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that degree of purity, with as much accuracy as I 
could, by the test of nitrous air; and began with 
putting one measure of nitrous air to two meas- 
ures of this air, as if I had been examining com- 
mon air; and now I observed that the diminua- 
tion was evidently greater than common air would 
have suffered by the same treatment. A second 
measure of nitrous air reduced it to two thirds 
of its original quantity, and a third measure to 
one half. Suspecting that the diminuation could 
not proceed much farther, I then added only half 
a measure of nitrous air, by which it was dimin- 
ished still more; but not much, and another half 
measure made it more than half of its original 
quantity; so that, in this case, two measures of 
this air took more than two measures of nitrous 
air, and yet remained less than half of what it 
was. Five measures brought it pretty exactly to 
its original dimensions. 

At the same time, air from the red precipitate 
was diminished in the same proportion as that 
from mercurius calcinatus, five measures of ni- 
trous air being received by two measures of this 
without any increase of dimensions. Now as 
common air takes about one half of its bulk of 
nitrous air, before it begins to receive any addi- 
tion to its dimensions from more nitrous air, and 
this air took more than four half-measures before 
it ceased to be diminished by more nitrous air, 
and even five half-measures made no addition to 
its original dimensions, I conclude that it was 
between four and five times as good as the best 
common air that I have ever met with. 


As a consequence of the above experi- 
ments Priestley’s hypothesis or belief con- 
cerning the identity of the air changed from 
common air to an air that was between “five 
and six times as good as the best common 
air that I have ever met with.” This new 
hypothesis was stimulated by differences 
between results expected of common air and 
those actually observed, but in this case 
there was no need to replace the hypothesis 
“common air” with an entirely different 
one. There was no need for Priestley to 
search his memory of past experience to 
find a completely new substitute for com- 
mon air. Instead all that was necessary 
was to change the hypothesis already held 
to include the differences exposed through 
experimentation. This Priestley did and 
arrived at a concept of a gas that we now 
call oxygen. 

Priestley’s further investigations are not 
relevant to our purpose, which was to dis- 
cover the process involved in the discovery 
of a new fact or idea. This process includes 
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(1) belief giving rise to expected results 
of further observation, (2) observation, (3) 
results that coincide with expectation or re- 
sults that differ from expectation, (4) the 
difference stimulates doubt of accuracy of 
observation or of original belief, (5) the 
new belief arises when investigator finds a 
similarity between his observations and 
some past experience, or the new belief 
develops by modification of belief already 
held, (6) chance operates to show differ- 
ences that are otherwise overlooked. 
Whether other scientists operated or op- 
erate in the same fashion in making dis- 
coveries remains to be seen, but if a tenta- 
tive generalization may be allowed at this 
point it is suggested that not only do all 
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scientists operate by means of this process 
but so also do all men in all situations 
where habitual behavior is unexpectedly 
blocked. In such situations changes of be- 
havior result and a new pattern of behavior 
is established that fits the new situation. 
In short it is suggested that this process 
might be not only the process by means of 
which a new idea is born but also the 
nucleus of the process of human cultural 
evolution. 
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ANTOINE LAVOISIER AND THE PROCESS OF 
CULTURAL EVOLUTION * 


CreEsTER A. LAWSON 
Department of Natural Science, Michigan State College, East Lansing, Michigan 


7 has been suggested [1] that the process 
employed by Priestley in the discovery of 
oxygen might be the nucleus of the process 
by means of which cultural evolution oc- 
curs. If this is true, the process should be 
evident in the work of other scientists and 
non-scientists. This paper considers the 
work of Lavoisier, first, to see if he made 
use of the same process that Priestley used 
and, second to investigate the possibility 
that Lavoisier operated by means of an ad- 
ditional factor of importance in cultural 
evolution. The investigation of the work 
of non-scientists will be reported in another 
publication. 

The process employed by Priestley can 
be generalized as follows: An investigator 
begins with a belief, conviction, or hypothe- 
sis concerning the nature of certain phe- 
nomena. On the basis of this belief the 
investigator makes observations of the phe- 
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nomena. These may be controlled observa- 
tions as in an experiment or they may be 
uncontrolled, but in either case the initial 
belief gives the investigator certain expecta- 
tions concerning the results of the observa- 
tions. If the results conform to the ex- 
pectation the original belief is strengthened. 
If, however, the actual results differ notice- 
ably from the expected results several 
things may happen. First, the investigator 
may explain away the differences by means 
of a secondary hypothesis. Second, he may 
be stimulated to doubt the accuracy of his 
observations, or, if upon repeating them, he 
finds no error, he may doubt the original 
hypothesis or belief and seek a substitute. 
If the original hypothesis must be discarded, 
the search for a substitute involves the re- 
lating of facts obtained from the observa- 
tion with similar or related experiences 
within his knowledge. The memory of 
these experiences furnishes the new hy- 
pothesis, which may be a modification only 
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of the old one, or it may be an entirely 
new one. 

Evidence that Lavoisier employed the 
above process in his investigations was 
sought for in “Torch and Crucible” by 
French [2], in “The Eighteenth Century 
Revolution in Science—The First Phase” 
by Meldrum [3], and in “The Overthrow 
of the Phlogiston Theory” edited by Con- 
ant [4]. 

That Lavoisier started his investigations 
with a belief or hypothesis as a solution to 
a problem is suggested by French (p. 61) 
who stated in relation to Lavoisier’s experi- 
ments on diamonds: 


Why was it that diamonds evaporated when 
heated strongly. . ? But the question which 
concerned him most was whether or not air had 
anything to do with the evaporation of the dia- 
mond. Aging Rouelle, his son-in-law D’Arcet, 
together with Macquer and Roux had recently 
heated diamonds. Their conclusion was that the 
diamond underwent a process of evaporation, 
But what would happen to the diamond, argues 
Lavoisier, if all air were excluded during heating? 
Would the diamond still evaporate? He believed 
not. Air was necessary to the process. 


Lavoisier tested his belief by heating dia- 
monds in the absence of air. The diamonds 
did not evaporate. The results were as he 
expected and his belief was confirmed. 

Lavoisier also believed that phosphorus 
absorbs air when it burns. Meldrum stated 
(p. 2) in relation to this belief: “He con- 
firmed his expectation that phosphorus ab- 
sorbs air when it burns. . . ” 

Sometimes the results of an experiment 
differed from expectation. When this hap- 
pened to Priestley, he frequently explained 
away the difference by means of a secondary 
hypothesis. Did Lavoisier do the same? 
Meldrum stated (p. 25): 


Lavoisier had been anticipated in work in the 
calcination of metals by Priestley. Moreover, his 
results were inferior to Priestley’s. He endeav- 
oured to explain the difference by suggesting that 
the air in Priestley’s laboratory was different in 
composition from the air of the garden where he 
himself had worked. A note at the end of the 
chapter runs as follows :—“I had no knowledge of 
Mr. Priestley’s experiments when I was engaged 
on those reported in this chapter. He has ob- 
served like me and before me . . . that there was 
a diminuation, in the volume of air during cal- 
cination of metals. This diminuation, in some 
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experiments, has been up to a fifth, even a quarter 
of the volume of air that he employed. Although 
I made use of the most powerful lens that is 
known, I have never been able to carry this 
diminuation beyond a sixteenth by the dry way. 
This circumstance would lead me to suspect that 
the fixable elastic fluid that is present in the air 
is perhaps more abundant at one time or in one 
place than in another; that it is found mixed in 
greater proportion with atmospheric air in dwell- 
ing places, in our laboratories, etc. than in open 
spaces, gardens and in general in places where the 
air is continually renewed. 

Another example of the use of a second- 
ary hypothesis was given by Meldrum. 
However, this example was taken from 
Bayen rather than from Lavoisier. Mel- 
drum stated (p. 48): 

Lavoisier has assumed, . . . that when lead is 
heated in air, fixed air is absorbed. Bayen, ac- 
cepting this, would expect to obtain fixed air on 
heating the oxide of mercury. If so, he found 
what he was looking for. His experiments in 
order were: (1) heating a mixture of oxide and 
charcoal: he obtained a gas that was soluble in 
water; (2) heating oxide: he obtained a gas and 
observed that it was insoluble in water. This 
last result he counted irregular: it was due to his 
having used oxide of inferior quality. 

Another feature of the process used by 
Priestley was the formulation of a new hy- 
pothesis to explain results when the original 
belief was obviously unsatisfactory. The 
stimulus for this was the appearance of 
results that differed from the expected re- 
sults. As indicated above such differences 
might be explained away, but this did not 
always happen. Sometimes the differences 
served as a stimulus to doubt the original 
hypothesis. When this occurred and a new 
hypothesis was formulated Priestley found 
his new hypothesis in some past experi- 
ence that appeared to be related. 

Lavoisier did the same when he needed 
an hypothesis. Lavoisier’s experiments 
were designed to demonstrate the liberation 
and absorption of a single elastic fluid to 
explain combustion and calcination. Be- 
cause he knew of fixed air his hypothesis 
was that the single elastic fluid was fixed 
air. Meldrum stated (p. 30): 

As he proceeded, owing to the state of chem- 
istry at the time, he must needs study chalk and 
quicklime: the Experimental Part, in the main, 
became a treatise on Black's fixed air. The prin- 
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ciple that he was using for guidance was limited 
in its scope: it could not enable him to distinguish 
between one fixable gas and another. So he as- 
cribed to fixed air, of which he knew something, 
effects that were due to oxygen, of which he knew 
nothing. 

As a consequence of later experiments, 
Lavoisier was confronted with results that 
were different from those he expected on 
the basis of his fixed air hypothesis. Quot- 
ing Meldrum (p. 30): 


He had burnt phosphorus in air and was study- 
ing the air that was left. He wrote in his Journal 
on July Ist: “Persuadded (sic) that the combus- 
tion of phosphorus absorbs the fixed air contained 
in the air, or rather suspecting it, I thought that 
by adding fixed air to this air (spent air) one 
might perhaps turn it into common air.” He tried 
the experiment, mixed the spent air with 4% its 
volume of fixed air and found that a lighted 
candle placed in the mixture went out at once. 
This experiment . . . contradicted the belief to 
which Lavoisier had committed himself... , 
that fixed air was absorbed in the calcination of 
a metal. In his perplexity he examined the pos- 
sibility that water vapour is the one thing needful 
for the combustion of phosphorus. 

Lavoisier’s alternative hypothesis that 
water, rather than fixed air, combined with 
phosphorus was produced because of differ- 
ences in experimental results from those he 
expected. Lavoisier’s behavior was no dif- 
ferent from Priestley’s in a similar situa- 
tion. However, when Priestley thought of 
a new hypothesis he was guided in his 
choice by the similarity between the prop- 
erties of the new gas and of the gas that was 
to serve as a substitute hypothesis. For 
example, the unknown gas supported com- 
bustion. “Modified nitrous air’ supported 
combustion also, so the new gas might be 
“modified nitrous air.” The same prop- 
erty was used in selecting common air as 
a substitute for “modified nitrous air.” Did 
Lavoisier do the same? 

There is no question that Lavoisier drew 
on his past experience in selecting his new 
hypotheses, but he apparently did not use 
similarities of properties as a guide. This 
lack of similarity in Priestley’s and Lav- 
oisier’s methods may have been due to the 
fact that each had a different purpose in 
mind in making his experiments. Priest- 
ley’s purpose was to identify a specific gas, 
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while Lavoisier’s was to discover the part 
of the air that was absorbed in burning 
phosphorus. Both were problems in identi- 
fication but Priestley attempted to identify 
a specific gas, while Lavoisier attempted to 
identify which, of several possible constitu- 
ents of air, might be absorbed. Lavoisier’s 
first choice was fixed air. Forced to make 
an alternative choice, it was natural that 
he should select another possible constituent 
of atmospheric air, i.e. water. That the air 
of the atmosphere contained water presum- 
ably was common knowledge at the time. 
Conant (p. 15) quotes from Professor Wil- 
liam’s lecture on Pneumatics (1770-1788) 
as follows: “Common or atmospherical Air 
may combine, or be charged with many 
substance.—Thus water is held in solution 
by Air, .. .”” Lavoisier wrote in his sealed 
note of November, 1772 “. . . making al- 
lowance for the humidity of the air... .” 

From the foregoing it may be concluded 
that both Priestley and Lavoisier employed 
the same basic process in making their dis- 
coveries. But Lavoisier created an entirely 
new major concept as a result of his in- 
vestigation while Priestley did not. Priest- 
ley was the better experimenter and dis- 
covered one gas after another, and his facts 
were essential to Lavoisier’s success yet, it 
was not Priestley but Lavoisier who revolu- 
tionized chemistry. Why? 

Presumably the answer lies in a differ- 
ence in purpose. Priestley’s purpose was 
to make new factual discoveries. He saw 
no need to explain these discoveries by 
means of a new theory or concept, and 
until his death he believed in the phlogiston 
theory. Lavoisier, on the other hand, was 
motivated from the beginning by a desire 
to create a new theory. He wished to 
reorganize existing knowledge into a new 
pattern—a new relationship. He stated in 
the sealed note quoted by Meldrum (p. 3): 


This discovery, which I have established by ex- 
periments that I look upon as decisive, has led me 
to think that what is observed in the combustion of 
sulphur and phosphorus may well take place with 
regard to all substances that gain in weight by 
combustion and calcination: . . . 
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The importance of the end in view prompted 
me to undertake all this work, which seemed to 
me destined to bring about a revolution in physics 
and in chemistry. I have felt bound to look upon 
all that has been done before me merely as sug- 
gestive: I have proposed to repeat it all with new 
safeguards, in order to link our knowledge of the 
air that goes into combination or that is liberated 
from substances, with other acquired knowledge, 
and to form a theory. The results of the other 
authors whom I have named, considered from 
this point of view, appeared to me like separate 
pieces of a great chain; these authors have joined 
only some links of the chain. But an immense 
series of experiments remains to be made in order 
to lead to a continuous whole. 


Lavoisier differed from Priestley in his 
purpose and Lavoisier’s success was due in 
part to his purpose plus the fact that he 
operated on the basis of a sound principle. 
In relation to this Meldrum wrote (p. 6) : 


The earnest thinker warns us, from time to 
time, of the danger that is incurred when pre- 
conceived notions are allowed to influence sci- 
entific work. One may suspect that the earnest 
thinker, in his zeal, has not entirely freed himself 
from prejudice. Lavoisier worked as a pioneer 
for years, in splendid isolation, sustained by faith 
in a preconceived notion. What sustained him, all 
that time, in the face of discouragement from 
people who were out of sympathy with him, and 
enabled him to surmount the difficulties of experi- 
ment and even experimental failure? The answer 
is simple: he knew what he wanted to find: he 
was working on the fixed idea, set forth in the 
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sealed Note, that absorption of air by a sub- 
stance must be accompanied by increase in weight. 

On the basis of the comparison of the 
work of Priestley and Lavoisier it may be 
concluded that the original hypothesis was 
confirmed. Both scientists used the same 
basic process. On the assumption that this 
process is fundamental to all cultural evo- 
lution, the work of Lavoisier suggests that 
purpose is an essential ingredient in the 
cultural evolutionary process, and further- 
more that the selection of, and continued 
faith in, a sound guiding principle is a 
necessary prerequisite to evolutionary suc- 
cess. Whether these conclusions will stand 
up under further scrutiny remains to be 
seen. 
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HENRY ADAMS AND THE PROCESS OF 
CULTURAL EVOLUTION * 


CHESTER A. LAWSON 


Department of Natural Science, Michigan State College, East Lansing, Michigan 


HERE seems to be a more or less general 

agreement that some kind of evolution- 
ary process is involved in social change. 
Reference to the evolution of ideas, customs, 
institutions, and so on, is common place. 
However, if social or cultural evolution oc- 
curs, there must be a mechanism or process 
by means of which it occurs. In the hope 
of discovering such a mechanism Joseph 
Priestley’s autobiographical account of his 
discovery of oxygen was examined [1]. 


* Contribution No. 39 from the Department of 
Natural Science, Michigan State College. 


This was chosen as a subject for investiga- 
tion because it dealt with a change of ideas; 
and presumably changing ideas represent 
the foundation of any cultural evolution 
that may occur. As a result of this analy- 
sis, it was suggested that the process or 
mechanism of discovery of new facts or 
ideas and hence of cultural evolution, in- 
volves the following: An investigator be- 
gins with a belief, conviction, or hypothesis 
concerning the nature of certain phenomena. 
On the basis of this belief, the investigator 
makes observations of the phenomena. 
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These may be controlled observations as in 
an experiment or they may be uncontrolled, 
but in either case the initial belief gives the 
investigator certain expectations concerning 
the results of the observations. If the re- 
sults conform to the expectations, the origi- 
nal belief is strengthened. If, however, the 
actual results differ noticeably from the 
expected results several things may happen. 
First, the investigator may explain away 
the differences by means of a secondary 
hypothesis. Second, he may be stimulated 
to doubt the accuracy of his observations, 
or, if upon repeating them, he finds no 
error, he may doubt the original hypothesis 
or belief and seek a substitute. If the 
original hypothesis must be discarded, the 
search for a substitute involves the relating 
of facts obtained from the observation with 
similar or related experiences within his 
knowledge. The memory of these experi- 
ences furnishes the new hypothesis, which 
may be a modification only of the old one, 
or it may be an entirely new one. 

To test the possibility that this process 
has been fundamental in all scientific dis- 
covery, an analysis was made of Lavoisier’s 
methods [2] as they were described by his 
biographers. It was discovered that Lav- 
oisier’s methods were basically the same 
as Priestley’s. However, there was a sig- 
nificant difference. Priestley was motivated. 
by the desire to discover new facts. After 
discovering them he was content to explain 
them by means of the existing phlogiston 
theory. Lavoisier, on the other hand, was 
motivated to discover facts in order to over- 
throw the phlogiston theory and to support 
a theory that he had devised. From Lav- 
oisier, then, were obtained two additional 
factors in discovery, i.e. the development 
of a new theory or principle and the attempt 
to correlate known facts with the new 
principle. 

The work on Priestley and Lavoisier was 
initiated in the hope that a cultural evolu- 
tionary process would be revealed. A proc- 
ess was discovered but more evidence is 
necessary before it can be claimed to have 
evolutionary significance. This evidence 
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may be found in the behavior of non-sci- 
entists in situations that are similar to those 
of a scientist engaged in discovery. If such 
non-scientists make use of the same process, 
support is given to the hypothesis that the 
process is, in fact, a general one and funda- 
mental to human social evolutionary change. 
_To investigate whether non-scientists 
used the same process, it was necessary to 
have available reports of a non-scientific 
nature comparable to Priestley’s report of 
his investigations. It was suggested that 
autobiographies by non-scientists might be 
used and with this in mind “The Educa- 
tion of Henry Adams” by Henry Adams 
[3] was examined. The part of this auto- 
biography that was pertinent to the present 
problem was Adams’ description of his ex- 
perience as private secretary to his father, 
the Minister to England, during the Civil 
War. 

Adams went to England, with his father, 
having the belief that England was favorable 
to the Union in the struggle. This, then, 
was the belief or hypothesis that corre- 
sponded with Priestley’s belief that his un- 
known gas was fixed air. Also, this was 
the belief that Adams tested by going to 
England. Adams was not particularly 
aware that he was testing a hypothesis in 
the same way that Priestley was aware of 
it, nevertheless the results were the same. 
Adams stated his belief as follows : 


He (Adams) thought on May 12 that he was 
going to a friendly Government and people, true to 
the anti-slavery principles which had been their 
steadfast profession. For a hundred years the 
chief effort of his family had aimed at bringing 
the Government of England into intelligent co- 
operation with the objects and interests of Amer- 
ica. His father was about to make a new effort, 
and this time the chance of success was promising. 
The slave States had been the chief apparent ob- 
stacle to good understanding. As for the private 
secretary himself, he was, like all Bostonians in- 
stinctively English. He could not conceive the 
idea of a hostile England. He supposed himself, 
as one of the members of a famous anti-slavery 
family, to be welcome everywhere in the British 
Islands. 


When Adams arrived in England he dis- 
covered that British opinion was not as he 
expected. This experience corresponds to 
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Priestley’s experiments to discover whether 
the unknown gas was fixed air. Priestley 
believed, tentatively, that the gas was fixed 
air. If it were it should behave in a certain 
manner, i.e., yield certain observable re- 
sults when tests for fixed air were applied 
to it. The results differed from expectation 
and Priestley was forced to reject his origi- 
nal belief and to devise a new one. The 
parallel situation in Adams’ experience was 
described as follows: 


On May 13, he met the official announcement 
that England recognized the belligerency of the 
Confederacy. This beginning of a new education 
tore up by the roots nearly all that was left of 
Harvard College and Germany. He had to learn 
—the sooner the better—that his ideas were the 
reverse of truth; that in May, 1861, no one in 
England—literally no one—doubted that Jeffer- 
son Davis had made or would make a nation, and 
nearly all were glad of it, though not often saying 
so. They mostly imitated Palmerston, who, ac- 
cording to Mr. Gladstone, “desired the severance 
as a diminuation of a dangerous power, but 
prudently held his tongue.” The sentiment of 
anti-slavery had disappeared. Lord John Russell, 
as Foreign Secretary, had received the rebel emis- 
saries, and had decided to recognize their bel- 
ligerency before the arrival of Mr. Adams in 
order to fix the position of the British government 
in advance. The recognition oi independence 
would then become an understood policy ; a matter 
of time and occasion. 

Thus, by observation, Adams tested his 
belief that British opinion was favorable to 
the Union. The results of his observation 
were different from his expectation so he 
revised his belief. Inasmuch as we are at- 
tempting to discover whether the same men- 
tal processes were involved in non-scientific 
situations as were used in parallel scientific 
situations, it is important to determine 
whether Adams used the same procedure as 
Priestley used to formulate a new hypothesis 
for the one that had to be discarded. When 
Priestley was confronted with the necessity 
of thinking of a new idea to replace the 
idea of fixed air as the identity of the gas, 
he drew on his past experience and chose 
a gas that had properties similar to the 
demonstrated properties of the gas he was 
investigating. Did Adams do the same 
thing? Presumably, he did. Adams’ prob- 
lem was simpler than, Priestley’s in that 
Adams did not have to search long for a 
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substitute hypothesis. The number of 
choices relative to an attitude about some- 
thing is not great. Attitudes are either for 
something, against it or somewhere in the 
neutral range between the two extremes. 
This range of possible attitudes is common 
knowledge and Adams certainly was draw- 
ing on his past experience in formulating 
his new belief. Furthermore, this new be- 
lief was based on the characteristics of the 
British attitudes that were observable by 
Adams. The parallel between Priestley and 
Adams seems to hold. 

Another parallel between Priestley and 
Adams was the inability of both to compre- 
hend immediately the differences from ex- 
pected results that were exposed by ob- 
servation. When Priestley discovered, by 
accident, that the gas, remaining after the 
nitrous air test, would support combustion, 
when according to his understanding it 
should not have done so, he did not make 
the proper logical deduction immediately. 
Instead he continued for awhile in his pre- 
vious belief. It was only after some time 
and after more differences became apparent 
that he finally revised his hypothesis. Ina 
similar situation Adams also lacked com- 
prehension. He stated: “Whatever Min- 
ister Adams may have felt, the first effect 
of this shock upon his son produced only 
a dullness of comprehension—a sort of hazy 
inability to grasp the missile or realize the 
blow. . . . The horizon widened out in end- 
less waves of confusion.” 

Adams spent the remaining years of his 
stay in England gathering facts to test his 
new hypothesis just as Priestley and Lavo- 
isier tested their various hypotheses. How- 
ever, Adams did more than this. He also 
modified his hypothesis and attempted to 
develop a theory or principle on the basis 
of which he expected to explain the behavior 
of politicians. In this latter attempt Adams 
paralleled Lavoisier rather than Priestley. 
Adams modified his hypothesis to a belief 
that not only was British opinion favorable 
to the South, but, furthermore, that certain 
members of the British Government were 
actually party to a conspiracy to defeat the 


0. 4 
ose 
uch 
the 
da- 
ge. 
ists 
to 
ific 
of ; 
hat 3 
be 
ms 
to- 
ent 
er, 
vil 
er, 
ble 
en, 
re- 
in- 3 
fas 
to 
rly 
in 7 
of 
1e. 
jas 
to 
eir 
he 
ng 
r- 
rt, 
1g. 
»b- 
ite 
in- 
he 
‘If, 
ry 
sh | 
he 
to 


282 ScIENCE EpUCATION 


North. The principle he sought to estab- 
lish was that all politicians were rogues and 
could not be trusted. 

Adams stated : 


Englishmen, such as Palmerston, Russell, Beth- 
ell, and the society represented by the Times and 
Morning Post, as well as the Tories represented 
by Disraeli, Lord Robert Cecil, and the Standard, 
offered a study in education that sickened a young 
student with anxiety. He had begun .. . by tak- 
ing their bad faith for granted. Was he wrong? 
To settle this point became the main object of 
the diplomatic education so laboriously pursued, 
at a cost already stupendous, and to become 
ruinous. Life changed front, according as one 
thought one’s self dealing with honest men or 
with rogues. 


Some of the facts which supported 
Adams’ hypothesis are listed in the follow- 
ing quotation : 


Thus far the private secretary felt officially sure 
of dishonesty. The reasons that satisfied him had 
not altogether satisfied his father, and of course 
his father’s doubts gravely shook his own con- 
victions, but, in practice, if only for safety, the 
Legation put little or no confidence in Ministers, 
and there the private secretary's diplomatic edu- 
cation began. The recognition of belligerency, 
the management of the Declaration of Paris, the 
Trent Affair, all strengthened the belief that Lord 
Russell had started in May, 1861, with the as- 
sumption that the Confederacy was established; 
every step he had taken proved his persistence 
in the same idea; he never would consent to put 
obstacles in the way of recognition; and he was 
waiting only for the proper moment to interpose. 
All these points seemed so fixed—so self evident 
—that no one in the Legation would have doubted 
or even discussed them except that Lord Russell 
obstinately denied the whole charge, and persisted 
in assuring Minister Adams of his honest and 
impartial neutrality. 


It should be noted that most of the evi- 
dence supported Adams’ belief in a con- 
spiracy. However, there also was evidence 
to the contrary. “. . . Lord Russell obsti- 
nately denied the whole charge, and per- 
sisted in assuring Minister Adams of his 
honest and impartial neutrality.” In sim- 
ilar situations both Priestley and Lavoisier 
explained away results that were contrary 
to their beliefs. They did this by means of 
secondary hypotheses. Adams did the same 
thing. His secondary hypothesis was that 


Lord Russell lied. ‘*With the insolence of’ 


youth and zeal, Henry Adams jumped at 
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once to the conclusion that Earl Russell— 
like other statesmen—lied. .. .” 

Adams investigation did not culminate 
as successfully as those of Priestley and 
Lavoisier. He worked with more difficult 
material and he had to wait for his facts 
until they happened. Consequently, some 
of the facts were not available until the 
death of the individuals involved and the 
later publication of their biographies. 
Eventually, however, the facts were avail- 
able and by means of them Adams tested 
his belief. It is unnecessary to record here 
all of the details involved in Adams’ prob- 
lem. The purpose is not to reopen the 
question that confronted Adams but ‘ » dem- 
onstrate a similarity in the processes used 
by Priestley, Lavoisier, and Adams. Con- 
sequently one example should suffice. The 
example is taken from Gladstone’s part in 
the affair. Adams stated: 


Gladstone having thus arranged, with Palm- 
erston and Russell, for intervention in the Ameri- 
can war, reflected on the subject for a fortnight 
from September 25 to October 7, when he was to 
speak on the occasion of a great dinner at New- 
castle. He decided to announce the Government's 
policy with all the force his personal and official 
authority could give it. This decision was no 
sudden impulse; it was the result of deep reflec- 
tion pursued to the last moment. On the morning 
of October 7, he entered in his diary: “Reflected 
further on what I should say about Lancashire 
and America, for both these subjects are critical.” 
That evening at dinner, as the mature fruit of 
his long study, he pronounced the famous phrase: 
“. .. We know quite well that the people of the 
Northern States have not yet drunk of the cup— 
they are still trying to hold it far from their lips 
—which all the rest of the world see they never- 
theless must drink of. We may have our own 
opinions about slavery ; we may be for or against 
the South; but there is no doubt that Jefferson 
Davis and other leaders of the South have made 
an army; they are making, it appears, a navy; 
and they have made, what is more than either, 
they have made a nation. .. .” 


Adams continued: 


Looking back, forty years afterwards, on this 
episode, one asked one’s self painfully what sort 
of lesson a young man should have drawn, for 
the purposes of his education, from this world 
famous teaching of a very great master. In the 
heat of passion at the moment, one drew some 
harsh moral conclusions: Were they correct? 
Posed bluntly as rules of conduct, they led to the 
worst possible practices. As morals, one could 
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detect no shade of difference between Gladstone 
and Napoleon except to the advantage of Napo- 
leon. The private secretary saw none; he ac- 
cepted the teacher in that sense; he took his les- 
son of political morality as learned, his notice to 
quit as duly served, and supposed his education 
to be finished. 


Gladstone’s speech was one of the facts 
used by Adams in relation to his hypothesis 
that a conspiracy in favor of the South 
existed. Adams, of course, considered the 
facts to be in support of his hypothesis. 
He stated: 


The evidence against Gladstone in special seemed 
overwhelming. The word “must” can never be 
used by a responsible Minister of one Government 
towards another, as Gladstone used it. No one 
knew so well as he that he and his own officials 
and friends at Liverpool were alone “making” a 
rebel navy, and that Jefferson Davis had next 
to nothing to do with it. As Chancellor of the 
Exchequer he was the Minister most interested in 
knowing that Palmerston, Russell and himself 
were banded together by mutual pledge to make 
the Confederacy a nation the next week, and that 
Southern leaders had as yet no hope of “making 
a nation” but in them. Such thoughts occurred to 
every one at the moment and time only added to 
their force. Never in the history of political 
turpitude had any brigand of modern civilization 
offered a worse example. The proof of it was that 
it outraged even Palmerston, who immediately put 
up Sir George Cornewall Lewis to repudiate the 
Chancellor of the Exchequer, against whom he 
turned his press at the same time. Palmerston had 
no notion of letting his hand be forced by Glad- 
stone. 


Such were the facts that supported 
Adams’ belief in conspiracy, and on the 
basis of them Adams’ conclusions were in- 
evitable. However, all of the facts were 
not available in 1862. It was not until 
1896 that Adams read the following quota- 
tion from the confessions of Gladstone : 


I have yet to record an undoubted error, the 
most singular and palpable, I may add the least 
excusable of them all, especially since it was com- 
mitted so late as in the year 1862 when I had 
outlived half a century. . . . Strange to say, this 
declaration, most unwarrantable to be made by a 
Minister of the Crown with no authority other 
than his own, was not due to any feeling of 
partisanship for the South or hostility to the 
North. . . . I really, though most strangely, be- 
lieved that it was an act of friendliness to all 
America to recognize that the struggle was virtu- 
ally at an end. . . . That my opinion was founded 
upon a false estimate of the facts was the very 
least part of my fault. I did not perceive the 
gross impropriety of such an utterance from a 
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Cabinet Minister of a power allied in blood and 
language, and bound to loyal neutrality; the case 
being further exaggerated by the fact that we 
were already, so to speak, under indictment before 
the world for not (as was alleged) having strictly 
enforced the laws of neutrality in the matter of 
the cruisers. My offence was indeed only a mis- 
take, but one of incredible grossness, and with 
such consequences of offence and alarm attached 
to it, that my failing to perceive them justly ex- 
posed me to very severe blame. It illustrated 
vividly that incapacity which my mind so long 
retained, and perhaps still exhibits, an incapacity 
of viewing subjects all round... . 

In Gladstone’s confession are facts that 
differ from those that Adams expected on 
the basis of his belief in a conspiracy. When 
Priestley and Lavoisier were confronted 
with such differences in their results, they 
either explained them away by means of 
secondary hypotheses or they changed their 
initial belief. 

Adams did not explain away these dif- 
ferences. Instead he modified his original 
hypothesis. He stated: 

Long and patiently—more than patiently—sym- 
pathetically, did the private secretary, forty years 
afterwards in the twilight of a life of study, read 
and re-read and reflect upon his confession. Then, 
it seemed he had seen nothing correctly at the 
time. His whole theory of conspiracy—of policy 
—of logic and connection in- the affairs of man, 
resolved itself into “incredible grossness.” . . . 
Granting, in spite of evidence, that Gladstone had 
no set plan of breaking up the Union; that he 
was party to no conspiracy; that he saw none of 
the results of his acts which were clear to every 
one else; granting in short what the English 
themselves seemed at last to conclude—that Glad- 
stone was not quite sane; ... 

Adams began his association with the 
British with a belief that they were favor- 
able to the North. This belief gave rise to 
certain expectations concerning the beha- 
vior of the British. When Adams reached 
England he observed behavior that was dif- 
ferent from what he expected on the basis 
of his belief. These differences served as a 
stimulus and caused him to reject his origi- 
nal belief and to formulate a new one. 
Further observation of the British caused 
Adams to modify his new hypothesis from 
the general statement that British opinion 
was unfavorable to the North to the more 
specific statement that a conspiracy existed 
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in the British government against the 
North. On the basis of this hypothesis 
Adams attempted to build the principle that 
all politicians were rogues. During Adams 
stay in England almost all of the facts 
available to him supported his hypothesis. 
The one fact that didn’t support it was 
explained away by means of a secondary 
hypothesis. Finally, however, forty years 
later Adams had available additional facts. 
These were contrary to his belief and as a 
result he was forced to discard his hypothe- 
sis and again formulate a new one. 

The steps in Adams’ process from belief 
to belief, were the same as those followed 
by Priestley and Lavoisier. From this it 
is concluded that the process demonstrated 
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by Priestley and Lavoisier is used not only 
by scientists but also by non-scientists in 
solving the problems of everyday life. Fur- 
thermore, it is concluded that support is 
given to the hypothesis that the process is 
a general one and operates in all situations 
where ideas change. It supports the sug- 
gestion that the process is fundamental to 
cultural evolutionary change. 
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CONCEPTUALIZATION AS A FUNCTION OF 
DIFFERENTIAL REINFORCEMENT 


FINLEY CARPENTER 


Michigan State College, East Lansing, Michigan 


TUDENTS at all levels are continually con- 
S fronted with the task of learning new 
concepts. As the child advances in formal 
schooling he is called upon to niake finer 
and finer discriminations and to recognize 
as clearly as possible the limits of general- 
izations. The checks and balances of dis- 
crimination and generalization seem to be 
at the core of a considerable amount of 
learning. Development of an understand- 
ing of how concepts are formed appears to 
be crucial to the growth of the scientific 
aspect of education. In order to promote 
such development, it seems necessary to do 
much more “basic research.” The rationale 
of “basic research” implies that we can 
profit by working with the variables 
isolated in experiments on the infrahuman 
level. Also, we need to use the method of 
controlled experimentation to clarify func- 
tional relationships so that we can develop 
a more fruitful theoretical structure to gain 
clearer direction for research on the com- 


plex level. Until we have improved our 
theories of learning, it is reasonable to 
expect that many bits of research data will 
continue to appear as discrete fragments. 
The studies of Mech [7, 8, 9] are good ex- 
amples of “basic research.” 

With the foregoing beliefs and implied 
values, the present work is an attempt to 
gauge the effect of varying amounts of 
verbal reinforcement on concept formation 
in college students. Most reported research 


on cognitive learning has not been done 


with special emphasis on its educational 
significance. But it seems quite plausible 
to hope that a program of extensive ex- 
perimentation of cognition designed to gain 
an objective description of such behavior 
should be valuable in structuring a clearer 
theory of complex learning. 

But the area in psychology known as con- 
cept formation has lagged in growth. Most 
researchers in the field agree that it is in 
a state of flux and disorder. It is interest- 
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nly ing to note that basic research here hos 
in flagged since the 1930's except for a recent 
‘ur- recrudescence. 
is Specific opinions of the status of con- 
Ee ceptualization are worthy of note. For ex- 
ons ample, Heidbreder [4, 5] pointed out that 
ug- there is no standardization of terminology 
to and no widely accepted logic underlying 
experimentation. Smoke [11] felt that in- 
appropriate meanings are given to concep- 
tualizations; while Vinacke [12] reported 
= that confusing semantical overtones. still 
extend from epistemology and formal logic. 
st He also said that experiments in the field 
| are too limited and that they emphasize the 
nry results of conceptualization rather than a 
Hin description of its nature. And Buss [1] 
has indicated that work in the area is rela- 
tively isolated from the rest of psychology. 
He suggests a partial remedy for most these 
“ills” by using the techniques and rationale 
of learning experimentation. This amounts 
to more control of conditions and more 
quantification in measurement, using such 
variables as reinforcement and latency. 
To support his position Buss compared 
two methods of analysis of the same data. 
_ He found that the analysis which defined 
to the independent variable in terms of the 
rill possible number of reinforcements during 
ts. training was much more informative than 
anil another analysis that disregarded reinforce- 
| ment. The present study is an attempt to 
ed utilize the same logic and similar method- 
to ology in attempting ‘to answer: “Is the 
of efficiency of sorting objects presented 
— simultaneously a function of the amount of 
ch reinforcement?” The experiment of Buss 
= and a large number of other learning 
val studies suggest an affirmative answer. The 
ile specific hypothesis is stated as follows. The 
il efficiency of concept formation as measured 
an in trials and time to reach a learning cri- 
od terion tends to increase as the proportion 
- of partial reinforcement increases. The 
m hypothesis is intended to apply within the 
id context of the following conditions. 
in Subjects: Ninety-two subjects were used. 
ma There were 56 men and 36 women. All 


CONCEPTUALIZATION 285 


were college graduate students attending a 
summer session. Eighty subjects were en- 
rolled in a course in the psychology of in- 
dividual differences and the remaining 12 
were enrolled in an introductory course to 
educational statistics. The 80 subjects 
were required to participate in the experi- 
ment by their instructor who told them that 
it was a study in individual differences. The 
others were volunteers. Their ages ranged 
from 20 to 50 years with a mean of 32.5 
and s.d. of 5.9 years. All Ss were either 
teachers or school executives. Only five 
were teaching on the college level. 

Stimuli: Twenty-two blocks of assorted 
shapes, sizes, colors, and heights were used. 
They often go by the name of Vigotsky or 
Hanimann and Kasanin Blocks. Their 
manufacture is standardized in all named 
dimensions. They are widely used in 
clinics to obtain qualitative descriptions of 
behavior. The clinical use of the stimuli is 
discussed at length by Hanfmann and 
Kasanin [2]. There are four classes of 
blocks making up the set, each block having 
its class name printed on the base. Critical 
dimensions that determine each class are 
size and height, i.e., “Biks” are all large 
and short; “Cevs” are all short and small; 
“Lags” are tall and large; and “Murs” are 
tall and small. 

Procedure: Ss were scheduled at inter- 
vals of 45 minutes. On a single day the 
first S reported at 9:30 A.M. and the last 
one at 4:45 P.M. Noon interval was be- 
tween the time taken for the S reporting 
at 11:00 A.M. and 1:00 P.M. 

S was seated at a table 31 inches high, 
22 inches wide, and 31 inches long. Cen- 
tered on the flat table top was a piece of 
dull-white paper 24 inches long and 18 
inches wide. Inscribed and centered on 
the paper was a blue circle with a diameter 
of 10 inches. Inside the blue circle were 
19 of the 22 blocks placed so that the class 
name was on the underside, i.e., not visible. 
All blocks were placed so that the maximum 
distance between blocks was approximated. 
Outside the circle about three inches from 
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the perimeter, and on S’s side, two sample 
blocks were placed to expose their class 
name. One sample block was the white 
hexagonal Mur and the other was the 
orange trapezoidal Cev. The green semi- 
circular Cev was not used; this left five 
members for each class, that is, the Mur 
and Cev classes. S was asked if he had 
seen the blocks before or was in any way 
familiar with their use. One S admitted 
that he had worked with them before, and 
was therefore eliminated. The following 
instructions were read to S: 


Here are a number of blocks of assorted shapes, 
sizes, colors, and heights. Outside the blue circle 
there are two blocks with a single name printed 
on the top of each. The block marked “Cev” 
represents a class of five members. This means 
that there are four more “Cevs” inside the circle. 
All “Cevs” have something in common as a class; 
and all “Murs” have something in common as a 
class. Your task is to pick out those blocks that 
you think belong to the “Cev” group and place 
them one at a time near the sample “Cev.” Also, 
try to determine all those belonging to the “Mur” 
group and place each “Mur” selection near the 
sample “Mur.” Please do not turn the block over 
because the name is printed on the bottom. Re- 
member, there are four and only four blocks to 
be taken from the circle for each class; that means 
you are to choose eight blocks in all. You will 
be given as many trials as necessary to get all 
eight blocks correctly placed. Are there any 
questions ? 


Even if there were no questions E re- 
peated the essential points in the directions. 

Each S was given one non-reinforced 
trial at the beginning to serve as a check 
on S’s report of having no pre-knowledge 
of the test. This first trial was also used to 
provide some indication of initial tendencies 
such as choosing large blocks instead of 
small ones; choosing a particular color, 
height or shape. Since the first testing trial 
was often a duplication of the non-rein- 
forced trial, the latter could be used to yield 
some indication of differences between 
groups regarding the number of correct re- 
sponses at the very beginning. 

There were four schedules of reinforce- 
ment which necessitated division of total N 
into four groups. Twenty-three Ss were 
selected at random from the total 92 to 
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compose each group. The following indi- 
cates the amount of reinforcement for each 


group. 


Percent of Percent of 
correct trials incorrect trials 


Group No. Ss reinforced reinforced 
I 23 25 
II 23 50 
III 23 100 
IV 23 100 100 


Ss in Group IV received 100 per cent 
reinforcement to all correct trials plus 
knowledge of all incorrect choices. The 
words “that is right” were assumed to be 
positive reinforcement, and the words “that 
is wrong” were assumed to be negative 
reinforcement in the sense that the opera- 
tion was followed by a decrease in fre- 
quency of the associated choice. 

Ss in Group I were reinforced upon their 
first correct choice, that is, as S selected 
his first correct block and placed it beside 
the sample, E said, “That is right.” E then 
reinforced every fourth choice that was cor- 
rect. This continued until S had classified 
all eight blocks correctly in a single trial. 
For Group II every other correct choice 
was reinforced, beginning with the first 
right selection. Every correct response 
was rewarded for Group III. And for 
Group IV there was 100 per cent positive 
reinforcement plus the words “that is 
wrong” upon every incorrect choice. 

At the end of each trial, that is, after S 
had chosen four blocks for each class, E 
held up a large cardboard screen, 20 inches 
long and 18 inches wide, between S and the 
blocks. With his free hand E replaced all 
blocks in the circle except the original sam- 
ples and proceeded to record the number 
of correct choices, indicating Cevs and 
Murs separately, and the number of rein- 
forcements given on the trial. This pro- 
cedure continued until S had all blocks 
properly chosen. Upon reaching the cri- 
terion of learning E recorded the total time 
and circled the number of the last trial. E 
then asked the following: “Since you have 
grouped the eight blocks correctly, what is 
the meaning of Cev and Mur? I mean, 
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what are the determining characteristics of 
the Cev group, and what are the character- 
istics peculiar to the Mur class?” Seventy- 
two Ss of the total 92 were asked to define 
the concepts. 

The central endeavor of this study was 
to determine the effect of different schedules 
of reinforcement on concept formation in a 
problem-solving context. The position 
taken was that the same variables used in 
describing simpler learning might prove 
useful in the study of conceptualization. 

The important prediction is that concep- 
tualization requires fewer trials and less 
time under complete reinforcement than 
under schedules of lesser reward. Results 
of this study support the prediction as 
evidenced by the ensuing analysis. 


Pretest Results: 


TABLE I 


FREQUENCY oF CLAss SeELections CHOSEN As 
“Murs” DurinG THE Pretest, UNRELNFORCED 
TRIAL, SHOWN By GrRoUPS 


Group Bik Cev Lag Mur 
I 8 25 10 49 
II 9 31 16 36 
III 7 29 18 38 
IV 8 28 21 35 
Total 32 113 65 158 
Mean 8.1 28.3 16.3 39.5 


There were no significant differences of 
frequencies among the groups within any 
single class. But there was a tendency to 
select Cevs and Murs rather than Biks and 
Lags, that is, regardless of group. In terms 
of the critical variables, size and height, 
blocks with the small top surface (Cevs and 
Murs) were chosen almost three times as 
frequently as blocks with the large top area. 
Also, tall blocks were chosen about 50 per 
cent more often than short ones. But it is 
not clear whether these response tendencies 
were due primarily to the critical variables 
or one or a combination of the other 
variables. 

The following table shows comparable 
data for the Cev class. 
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TABLE II 
FREQUENCY oF CLAss SELECTIONS CHOSEN As 
“Crevs” DurING THE Pretest, UNREINFORCED 
TRIAL, SHowN By Groups 


Group Bik Cev Lag Mur 

I 38 16 22 14 

II 39 14 27 12 

Ill 42 10 26 16 

IV 46 11 22 13 

Total 165 51 97 55 
Mean 41.3 12.8 24.3 13.8 


Again, there was no difference found sig- 
nificant between groups in a single column. 
But it is obvious that there was a greater 
tendency to choose Biks than any other 
kind. 

According to the above tables it would 
seem that Ss would require more time and 
trials to classify the Cevs than to classify 
the Murs. But the initial advantage favor- 
ing the correct selection of Murs was dis- 
sipated before the criterion was reached. 

The following table presents the average 
number of trials to reach the learning cri- 
terion for each group. The circled number 
“10” is the grand median. An inspection 
of the variances suggests that the assump- 
tion of homogeneity required by the F-test 
may not be tenable. Bartlett's Test resulted 
in a Chi Square value of 29.93. With three 
degrees of freedom that value is significant 
at .01 P. It cannot, therefore, be assumed 
that the variances are likely to come from 
the same population. 

A distribution free test described by 
Mood [10] was used instead of the F-test. 
Results are expressed as a Chi Square 
value. From data in Table III analysis of 
variance Chi Square was 28.6; significant 
at .01 P. The interpretation is that the 
group distributions do not have a common 
location around the grand median. It is 
therefore appropriate to test for differences 
between groups taken two at a time. The 
Mann-Whitney or U-test was selected to 
yield an indication of the significance be- 
tween group distributions. Since N_ per 
group was 23 the significance of U was 
interpreted from the probability of the 
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TABLE III I 
ScorES IN THE NUMBER OF TRIALS TO REACH CRITERION FOR EACH Susject ORDERED FROM THE n 
LEAST TO THE GREATEST NUMBER OF TRIALS n 
Individual Scores by Groups 
Subject I II III IV £ 
1 3 3 2 2 n 
2 4 + 3 3 
3 6 5 4 3 
4 6 5 3 
5 15 9 6 3 
‘ 
6 15 6 4 
7 18 ll 6 4 
8 19 13 7 5 
9 21 13 7 5 
10 21 15 ie 6 
il 21 16 8 7 
12 23 19 8 8 
13 24 21 9 9 
14 24 23 9 9 
15 24 24 9 9 
16 26 25 9 
17 29 25 11 9 
18 30 27 13 t4 
19 30 30 14 
20 31 35 15 12 
21 32 36 16 13 
22 34 37 16 16 
23 37 39 18 18 
Total 497 446 210 177 
Mean 21.7 19.4 9.1 7.7. Grand Mean: 14.34 
Variance 85.3 119.8 24.3 17.5 Grand Median: 10 


occurrence of z. U and z values are shown _ be significant because the use of non-para- 
in the following table. metric tests results in loss of precision. 

It is clear that the Null Hypothesis can Whether the loss, if minimized, would re- 
be rejected in every case except the first duce P to .05 is a moot point ; but Table III 
and last entries. Even the difference be- shows the expected direction. 


tween Groups III and IV may conceivably The following table is similar to Table 
TABLE IV 
U AnD CorRESPONDING Zz VALUES FoUND BETWEEN Groups BASES ON NUMBER OF TRIALS TO REACH 
CRITERION 
Groups U-value U-mean S.D. Zz P 
I-Il 231.5 264.5 45.5 72 .230 
I-III 65.5 264.5 45.5 4.40 001 
I-IV GA .. 264.5 45.5 4.50 -001 
II-III 181.0 264.5 45.5 1.87 .030 
II-IV 89.5 264.5 45.5 3.80 .001 
III-IV 218.0 264.5 45.5 1.02 .154 
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III except scores are in the number of Again, the nonparametric substitute for 
THE minutes taken to reach the criterion. The the F-test yielded a Chi Square of 40.47, 
number “21,” circled, is the grand median. — significant at .01 P under three degrees of 
This provides a ready inspection of the freedom. The following table shows the 
group difference in position around the probability of the occurrence of U values in 
median. terms of z. 
If carried to only two decimal places all 
TABLE V differences above are significant. When 
Numser oF Minutes To REACH CRITERION FOR = scores were expressed in time the effect 
ace S Aspances or different proportions of reinforcement 
Subject Individual scores by groups seems to be even more pronounced than 
IV when number of trials were used. 
The percentages in column (5) Table 4 
3 17 iN - 5 Vil are not proprotional to the amounts of : 
4 24@ 16 g 5 reinforcement. The per cent of “correct : 
5 6 19 9 5 responses was close to 58.5 regardless of the 2 
amount of reinforcement. This shows that 
6 30 10 6 the per cent of “correct” responses to the 
7 30 sad iz 7 total number is not a sensitive indication of 
8 group differences. The important effect 
9 the decrease in criterion scores which 
accompanied increased amounts of rein- 
11 35 28 14 9 forcement. 
12 35 29 15 i An interesting result which may be at- 
13 37 29 15 . tributed to “negative reward” is ‘ signifi- 
14 a cant decrease in the number of positive 
reinforcements to reach the criterion. Chi 
16 43 42 18 13 Square calculated from data in column (3) 
17 44 47 19 17s was significant at .01 P. 
19 50 SI 22 18 VERBAL RESPONSES 
20 52 51 25 20 
Seventy-two of the 92 Ss were asked to 
21 54 55 27 
9 55 55 oR 5 define the concepts at the end of the learn- 
ara- 33 73 59 47 9 ing session. It should be emphasized that 
Total 850 723 379 277. ~—=Sinforced. It is quite possible that some 
ain Men 3.9 31.4 16.5 11.9 implicit verbalizations were associated with 
Variance 206.9 259.2 82.3 42.9 reward. Only after S had demonstrated 
‘able Circled number “21” is the grand median a functional knowledge was he requested 
TABLE VI 
EACH U anp CorRESPONDING z VALUES FouND BETWEEN Groups BaAsepD ON THE TIME IN MINUTES TO 
REACH CRITERION 
P Groups U-value U-mean S.D. z P 
230 I-I 192 264.5 45.5 1.59 055 
01 I-III 70 264.5 45.5 4.28 “001 
01 I-IV 32.5 264.5 45.5 5.1 001 
130 II-III 107.5 264.5 45.5 3.45 001 
01 I-IV 70 264.5 45.5 4.28 001 
54 IlI-1V 145 264.5 45.5 2.63 004 
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TABLE VII 


CoMPARISON oF Groups IN ToTAL RESPONSES, PosiTIVE REINFORCEMENTS, AND “Correct” RESPONSES 


(1) (2) (3) 


Total positive 


Total responses reinforcements 


Group to criterion to criterion 
I 3976 549 
II 3568 1047 
Ill 1680 1037 
IV 1416 844 


to verbalize the distinguishing character- 
istics of “Cevs” and “Murs.” There was 
no experimental operation that led S to 
expect that he would be asked to define the 
classes. Table VIII below shows the num- 
ber of Ss who made adequate definitions 
by group and sex. 

Numbers in parentheses represent the 
number of Ss in each group by sex who 
were asked to verbalize the concepts. Of 
the total 72 Ss only 18 (25 per cent) were 
able to name the determining character- 
istics which they had learned functionally. 
This is in agreement with a number of 
other studies. 


(4) (5) (6) 
Per cent Per cent 
“correct” total re- 
Total responses sponses of 
correct to total highest group 
responses responses (Group I) 
2196 55 100 
2094 58 90 
1037 62 41 
844 59 


TABLE VIII 


Numser Ss Wuo DeFinep Concepts 
SUCCESSFULLY 


Group Number men Number women Total 
I 4 (9) 0 (9) 4 
II 4 (10) 5 
=. 1 (13) 3 
IV 5 (12) 1 (8) 6 
Total 15 (36) 3 (36) 18 


Figure 1 shows the cumulative per cent 
of correct responses to the criterion as a 
function of the number of trials. Group I 
resembles the familiar “S” curve while 
Groups III and IV reflect only the top half 


100 
a 
8. 
a 
2 60} 
° 
o 
° 
Group IV 
Group III 
Group II 
Group I 
204 

28 32 36 4o 4u 48 


Figure 1, Cumulative Per Cent of Subjects Reaching Criterion by Groups as a Function 
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Firpure 2. Cumlative Per Cent of Subjects Who Reached Criterion 
as a Function of Time in Minutes 


Figure 2 is the same function except the 
abscissa is plotted in “time in minutes.” 

Correlations were taken between such 
sets of data as trials to criterion and age of 
S; time to criterion and age; time and 
amount of graduate credit; trials and grad- 
uate credits. No significant conclusions 
could be drawn from these calculations be- 
cause of the large error terms. It may be 
of some interest, however, to note that the 
largest correlations were in Group III for 
the men; r between trials and hours was 
—.74, and between trials and age was 
—.70. Of the 24 correlations 12 had posi- 
tive signs and 12 were negative. Of the 12 
negative ones eight concerned data pertain- 
ing to men and only four to women. 


DISCUSSION 


One of the most obvious results was the 
large difference in variances. According to 
the data, it seems reasonable to assume that 
the task was more difficult for the first two 
groups than for groups III and IV. The 


effect of increased reinforcement seemed to 
result in decreased individual differences. 
Provided concept formation in the class- 
room is analogously affected by rewarding 
operations, the problem of the teacher 
would be to identify those operations and 
invoke them generously during the first 
stages of learning new concepts. 

No systematic record was made of the 
order S_ selected the blocks. Neverthe- 
less, it seemed to E that the first choices, 
after the first reinforced trial, were nearly 
always those blocks that had been associated 
with reinforcement on previous trials. The 
effect of reward could be taken as protec- 
tion against interference. This is in agree- 
ment with Guthrie [13]. The regularity of 
repeating previously reinforced responses 
at the beginning of the trials may be 
thought of as stereotypy. Such responses 
appeared to be automatic because their 
latencies were obviously much shorter than 
ensuing choices. But more appropriately 
designed experiments are needed for deter- 
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mining the amount of 
“higher” mental functions. 

Although the differences between Groups 
II and III and between III and IV, Tables 
III and IV, were not significant, the ex- 
pected direction obtains. This is in keeping 
with the experimental hypothesis. 

There was some evidence of the two 
types of solvers mentioned by Hanfmann. 
But no accurate determination was made 
concerning the number of “implicit” and 
“overt” manipulators. E listened to spon- 
taneous verbalizations and noted that some 
Ss had a tendency to eliminate certain 


stereotypy in 


‘dimensions before touching the blocks. But 


the same S did not continue to do this 
throughout the experiment. The extent of 
implicit manipulation seemed to be varied 
both between and within individuals. Since 
implicit trials required time, measurements 
taken in minutes appeared more sensitive 
than those taken in number of trials. This 
deduction was supported by differences in- 
dicated in Table IV and Table VI. In 
other words, measurements in terms of the 
number of overt trials were necessarily 
exclusive of all possible implicit responses 
while time measurements were not. 

The median test used on data shown in 
Tables Il and IV was used to find dif- 
ferences in location of the distributions. If 
the Null Hypothesis were true, then the 
medians would have been randomly dis- 
tributed around line “12,” Tables II and 
IV. The general slope of an imaginary 
line connecting the grand median from 
group to group would be expected to be 
zero if the Null Hypothesis were true. But 
inspection of the above tables reveals a 
definite slope other than zero. 

Power is sacrificed by using distribution 
free tests. But the advantage is that any 
significant statistic obtained is less open to 
doubt than tests having parametric require- 
ments. When an experimental procedure 
is designed to test differences between 
learning methods, it is often true that one 
cannot assume homogeneity of difficulty of 
learning in all selected situations. Indeed, 
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the very plan of the experiment implies that 
learning under one method is less difficult 
than under others. When such conditions 
prevail, it does not seem consistent to 
assume homogencity. There appears to be 
no experimental condition that is guaran- 
teed to change means but not variances. A 
more widespread use of distribution free 
tests in studies of human learning would 
seem to be appropriate. 

Considerable experimental evidence, 
cited before, indicates that functional 
knowledge of a concept does not guarantee 
that S will verbalize it correctly. In terms 
of learning theory this may be accounted 
for. The simplest explanation is that the 
non-verbal learning required establishment 
of different responses than the verbal learn- 
ing and that it is not necessary to expect 
100 per cent transfer from one to the other. 
Also, there was no systematic reinforce- 
ment of verbalization during learning. But 
it is quite possible that Ss verbalized im- 
plicitly such that reinforcement was some- 
times associated with the correct responses. 
Since S was told to seek for the identifying 
characteristics of each class, it may have 
been that much implicit verbalization 
accompanied the overt movements. Many 
Ss, however, openly admitted that their 
selections were on a “trial and error” basis. 
In “trial and error” cases reinforcement 
was probably before the correct implicit 
verbalization rather than contiguous with 
it. Such speculations could conceivably 
account for the phenomenon of the low 
amount of “transfer.” These speculations 
suggest further experimentation. 


SUMMARY AND CONCLUSIONS 


This study was an attempt to demon- 
strate the effect of different amounts of 
verbal reinforcement on the learning of con- 
cepts. Ninety-two Ss, graduate students, 
were asked to select eight wooden blocks 
from a pool of 19 to complete the member- 
ship of two classes. A sample block for 
each class was used as a guide. Stimuli 
differed in color, size, height, and shape. S 
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had to combine the dimensions, size, and 
height to achieve correct classification. 
Group I received 25 per cent reinforcement 
to all correct choices. The words “that is 
right” was assumed to be reinforcing. Each 
succeeding group received a doubled 
amount of reinforcement over the preceding 
group, that is, Group II received 50 per 
cent, Group III 100 per cent, and Group 
IV 100 per cent plus the words “that one 
is wrong” in the presence of all incorrect 
choices. 

Data consisted of the number of trials 
and number of minutes to reach an errorless 
trial. 

S was given no set of instructions to 
verbalize the meanings of the classes during 
the learning trials. But after Shad 
reached the criterion he was asked to state 
the meaning of each concept by defining the 
distinguishing characteristics of the classes. 

Conclusions drawn from the data amount 
to the following : 

(1) There was a clear tendency to acquire the 
concepts in less time as the amount of reinforce- 
ment increased. 

(2) Scores expressed in minutes were more 
sensitive in reflecting group differences than 
scores in trial frequencies. 

(3) The claim that concept formation is 
qualitatively different from less “complex” learn- 
ing was not supported. Quantification of learning 
efficiency as a function of the amount of rein- 
forcement during the learning yielded clear-cut 
differences. 

(4) When Ss were primarily set to acquire 
only a functional (non-verbal) knowledge of the 
concepts they failed 75 per cent of the time to 
render adequate definitions of the acquired 
concepts. 

These conclusions are not entirely 
unique. Hull, Smoke, Heidbreder and 
others have reported that functional learn- 
ing did not assure adequate definitions. 
This is at variance with the popular opinion 
“if you know it you can say it,” often voiced 
by teachers. An important qualification 
concerns how the learning was accom- 
plished, functionally or verbally. 

The significance of these conclusions to 
classroom learning is frankly a matter of 
inference. We do not yet know what 
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specific effects reinforcement schedules have 
on the grasp of meaningful ideas. But this 
study suggests together with what is 
already known that the teacher may find 
profit in: (1) Being certain that the de- 
sired response is performed before assum- 
ing that learning has occurred. (Far too 
often teachers seem to operate on the 
assumption of “osmosis” and that this 
absorption of knowledge will guarantee 
sufficient transfer to the level of applica- 
tion.) (2) Noting the various responses 
that compose a skill, act, or complex be- 
havior, and making sure that ample rein- 
forcement is contiguous with them instead 
of rewarding only end results. This sug- 
gests that we focus attention upon the 
behavioral processes instead of only 
products. 

After we have determined the effect of 
reinforcement in a variety of complex learn- 
ings and have clearly defined other strategic 
variables we should have the material to 
construct more effective methods of teach- 
ing. Assuming for the moment that rein- 
forcement is an essential operation in school 
learning, we have a powerful analytic tool 
for evaluating methods of teaching. For 
example, we may find that the lecture 
method is not suited to the reinforcement 
of student. responses, which are partially 
suppressed during the lecture. Reinforce- 
ment, then, is removed in time from the 
performance of the behavioral changes that 
may occur during the lecture. 

How to interact with the pupil who has 
not learned adequately is a major problem 
for the teacher. During discussions, the 
teacher, after having found an inadequate 
response, often turns to other students until 
the correct answer has been supplied. But 
an inadequate response may well be the cue 
for the teacher to confine his attention to 
the pupil until the desired performance has 
been evoked. To ignore this cue may be to 
‘condition’ the student to remain passive 
unless he is sure of the answer. Perhaps 
by asking the pupil questions he can 
answer, reinforcing them, and gradually 
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focusing attention upon more and more 
cues until the end response has been at- 
tained may prove quite sound. This study 
seems to suggest that during early acqui- 
sition each correct response in the chain 
needs reinforcement, not merely the final 
act. It is easy to imagine what the data 
of the present research would have been 
like if only the end result had been re- 
warded, that is, if S had been told he was 
correct only after he had selected all eight 
blocks without error. 

The problem of evoking satisfactory re- 
sponses is partly an analytical task. It is 
advantageous to locate the point of difficulty 
in the chain of responses leading to a de- 
sired end. All movements in the chain are 
important. But the attention of most 
teachers is often focused on the final com- 
plex act. This tends to camouflage the im- 
portance of analysis; consequently, rein- 
forcement operations contiguous with the 
separate responses are often ignored. It 
seems quite plausible that an important 
result of such practice may be the garbled 
and bizarre expression which children often 
make when learning a song, poem, or 
maxim under repetitions made collectively 
as a class. The many ridiculous blunders 
found in the attempts of grade school chil- 


dren to reproduce in writing the “Pledge 


Allegiance to the Flag” indicate a lack | 


of understanding of the key concepts. This 
means that the teacher may profit by attend- 
ing to minute acts in helping the child grasp 
new meanings. To assure retention of 
those meanings operations of reinforcement 
seem most strategic. We cannot always 
assume that the perception of the “whole” 
gestalt can somehow be suddenly grasped 
without making sure that the pupil knows 
the meaning of key concepts that compose 
the gestalt. 
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A concluding note should make clear 
that the intent of this approach does not 
carry a bid to legislate against other levels 
of research. The point is that more basic 
experiments are needed to clarify our prob- 
lems and to isolate operations essential in 
the teaching-learning process. 
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EDUCATIONAL SIGNIFICANCE OF STUDIES ON THE RELA- 
TION BETWEEN RIGIDITY AND PROBLEM SOLVING 


FINLEY CARPENTER 


Michigan State College, East Lansing, Michigan 


I. Description oF Two 


I. INTRODUCTION 


HAT problem solving is commanding 
j as rable attention by a sizeable por- 
tion of those who are shaping the philos- 
ophy and techniques of education needs 
no documentation. But the relation be- 
tween mental rigidity and school learning 
requires a note of preface because it is only 
beginning to gain attention compared to 
its probable future status. The seeds of 
this conceptual relation can be seen in the 
problem of transfer of training. Every 
philosophy of education rests largely on 
the premise that a worthwhile amount of 
transfer comes from school experiences. 
Much of the philosophy of progressivism, 
for example, points up the need for making 
education functional by equipping students 
to adjust effectively to a wide range of 
problems. Psychological findings — that 
promise to implement and improve transfer 
deserve close study. Psychologists have 
noticed for some time that a phenomenon 
of importance in transfer or generalization 
is the degree of rigidity of response. What 


is usually meant by rigidity is the failure 


to shift to new modes of response when 
conditions require it for most efficient ad- 
justment and problem solving. When a 
child learns a particular way of attacking a 
problem, say in arithmetic, he may perse- 
verate in a pattern of mechanics that is 
unsuitable when the problem is slightly 
changed. This may mean that the 
mechanics have been overlearned in rela- 
tion to an understanding of the more gen- 
eral relationships. If so, the problem arises 
of finding an optimum balance between 
drill and understanding of fundamental 
relations, Perhaps the crucial matter is 
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that of shift in emphasis rather than a com- 
plete overhaul of teaching methods. 

The connection between rigidity and 
transfer needs some clarification. When 
we speak of transfer of training we mean 
that the learning of new tasks is made more 
efficient because of certain past learnings. 
For example, it is reasonable to expect that 
college graduates should learn most new 
intellectual tasks more readily than equall, 
intelligent control subjects. If, however, 
their college training has been of the repro- 
ductive kind (repeating learned facts with 
very meager application involved), it is 
probable that their training might actually 
interfere with much new learning. Un- 
fruitiul repetition of learned responses in 
attacking new problems is rigidity. Put 
another way, regidity is learning interfering 
with learning. It should be clear at this 
point that detailed knowledge of - the 
phenomenon of rigidity, its description and 
functional determinants, promises to be val- 
uable in dealing with the problem of 
transfer. 

The purpose of this first paper is to 
delineate the central characteristics of two 
methods used to study the effect of rigidity 
on problem solving, and to show what con- 
tributions to education can be expected 
from each. In a second paper a sample 
of both methods will be analyzed and 
specific educational implications noted. 

It is tempting to make a study of this 
sort quite systematic by setting up definite 
criteria for judging research. But there are 
certain difficulties that make this approach 
cumbersome. For example, rigorous 
definition of the testability criterion leads 
one into a maze of philosophical subtleties 
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that may end in more confusion than en- 
lightment. Also, to set up beforehand and 
to apply quite specific criteria to a set of 
psychological studies may be awkward be- 
cause some important considerations may 
not fit easily into the analytic frame. A 
preferred method is to deal with each prob- 
lem as it arises in a less restrictive way in- 
stead of straining to see if some supposed 
feature meets a minimum standard. This 
does not say that the analysis should be un- 
structured. Particular attention will be 
given to the assumption, techniques for 
gathering data, and conclusions of a number 
of specific studies. 

Research surveyed for this report may be 
divided into two convenient classes, (1) 
the “personality approach” and, (2) the 
“learning approach.” The next section will 
deal with features of the two approaches. 


Il. GENERAL DESCRIPTION OF THE TWO 
APPROACHES 


The two points of view seem to differ in 
respect to: (1) nature of the problem, (2) 
assumptions and, (3) ways of collecting 
evidence. A brief discussion of the dif- 
erences should help to make the critical 
remarks in the next paper more meaningful. 


Nature of the Problems 

Researchers taking the personality ap- 
proach present problems about the struc- 
ture of personality. Some typical questions 
are: 


(1) Is rigidity a general personality trait? 

(2) Can rigidity be determined by the way the 

person evaluates himself? 

Are highly prejudiced persons more rigid 

than those having few prejudices? 

(4) Are prejudiced persons more concrete in 
their habits of thinking than those who show 
little prejudice ? 

(5) Do rigid students show less efficiency in 
using the scientific methods than less rigid 
students ? 

(6) Do rigid students show less ability to inte- 
grate facts into meaningful wholes than non- 
rigid students ? 


(3 


It is evident that the. questions either 
mention explicitly or imply that rigidity is 
a personality trait. Almost invariably data 
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are collected by using tests, and results are 
expressed as correlations between test 
This is quite different from the 
method measuring behavioral changes as 
controlled operations are varied. The 
questions carry certain assumption and lead 
to a method of investigation that will be 
given attention later in this section. 

Questions found in the learning studies 
include the following : 


scores. 


(1) What is the effect of reinforcement on con- 
cept formation? 

(2) What effect does educational level have on 
rigidity ? 

(3) What effect does age have on rigidity in 
problem solving? 

(4) What effect do methods of teaching have on 
rigidity in problem solving ? 

(5) What effect does the mode of presenting a 
problem have on efficiency of problem 
solving ? 


These questions are about independent 
and dependent variables. An_ environ- 
mental condition that can be manipulated is 
usually the independent variable while the 
attending behavior is said to be the .de- 
pendent variable. The purpose is to express 
generalizations as functional relations (not 
necessarily in mathematical language) be- 


‘tween the two kinds of variables. This aim 


virtually precludes the use of tests as com- 
monly used because the relations are not 
between two sets of responses but between 
a stimulus condition and response. Most 
“basic research” is of this kind. 


Assumptions 

Criticism of research can be done more 
cogently and with more justice by being 
aware of underlying premises. The more 
distinctive assumptions of each approach 
are therefore listed. 


Assumptions of the Personality Ap- 
proach: Personality is conceived as a rel- 
atively stable structure or pattern that pre- 
sents the problem of describing the 
structure accurately and of indicating the 
relations among the traits. The term 
“stable structure” does not rule out the 
dynamic idea of personality, which is 
largely concerned with a rapprochement 
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) are between purposivism and determinism. The problem of applied learning is to find 
test Personality may be dynamic but stable in optimum conditions for the acquisition of 
the the way that homeostatic processes have a defined set of responses. While the per- 
S as both features. Once the description and sonality psychologists seem to be directly 
The interrelations of the sub-structures in the concerned with meaningful and complex 
lead total pattern have been made, the basic human problems, the learning psychologists 
ll be psychological problem has been largely appear to be interested in finding basic 
; solved. Prediction and control are con- principles of behavior. The learning psy- 
dies concomitant products. Rigidity is handled chologists want to construct theory to the 
as a trait. Protagonists of this view tackle end that the maximum range of behavior 
autie the problem of the effect’ of rigidity on can be explained by a minimum number 
problem solving largely through statistical of concepts. The educator is often left 
ee correlations of.test scores. Correlations ‘cold’ when he reads studies in learning, 
ty in are accepted as evidence of relations be- but the contribution to education from the 
tween traits. psychologists of learning must be looked 
sie: The following assumptions seem to pre- for in fruitfulness of derived theories, im- 
ng a dispose the protagonist to develop the kind _ plications drawn from results and supported 
»blem of problems presented above under the per- generalizations. One should not expect the 
sonality approach. They also suggest the implications to be a “fix-it” list, but a set 
dent method of correlation as found in nearly all of testable propositions about school learn- 
ron- studies that seemingly contained them. ing. 
ed is pass ae f The following assumptions seem to be 
th (1) Personality is structured and it is possible tial to the 1 , ili 
e thé essential to the learning position : 
-de- (2) Behavior is never haphazard but is always (1) Most behavior is learned or acquired. 
) : Rt ‘ (2) Learning can be expressed as functional re 
(not lations between environmental conditions and 
(3) Samples of behavior have general implica- eet Vastra 

he- tions. (This means that a trait can be de- ee eee : 

(3) The experiment is the most reliable means 
aim ermin of determining functional relations. (This 
sani that supposedly compose the trait.) may be disputed.) 

not (4) dit (4) Personality amounts to a set of learned re- 
veen 5 it i asi tai sumed under learning. 
ost (9) € to measure Certain aspects Or (5) Learning principles constructed from animal 
6 What A ee : t data are valid on the human level. (But 
(6) there may be additional principles necessary 
that his personality has unique factors, but Ric s 
“igh: to explain human behavior.) 
that the patterning of traits is unique. (We 
nore all have the same personality factors, but There is no intention here to examine the 
these factors are woven into individual de- |. . |. : 
eing signs.) limitations of the two sets of assumptions, 
nore nor is this a claim that the listed assump- 
pach : ssumptions of tne Learning Approach: tions are exhaustive. They are listed to 
Those who take this position look upon give more explicit meaning to the criticisms 
personality as a by-product of learning. ;,, the next section 
Ap- Therefore, the fundamental task in under- 
rel- standing personality is to understand how Methods 
pre- organisms learn. Traits are treated as The kinds of assumptions and questions 
the habits that are acquired or extinguished that a researcher begins with appear to 
the according to the presence of particular determine certain general features of his 
erm operations. Rigid behavior, then, is to be research method. Earlier the personality 
the explained by what happens to the organism. and learning approaches were mentioned as 
1 1S It follows that if we control certain events having different theoretical designs. They 
nent we can produce or diminish rigid behavior. were said to hold different assumptions and 
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ask different questions. The methodological 
consequences will be briefly reviewed here 
to point out definite connections between 
initial basic considerations and procedure 
in the area under study. 

Researchers adopting the personality 
position are seen without exception to col- 
lect data by using tests. Nearly all the 
tests are the pencil and paper variety. 
These workers want to know about per- 
sonality patterns. They want to find what 
behavior is indicative of other behavior. If 
behavior is structured in a fairly stable 
pattern, then a sample should give some 
indication of what is the total pattern. 
Once the total pattern is fairly clear, it is 
believed that valuable use can be made of 
the information. 

Two limitations are obvious. First, a 
correlation coefficient is a statistic, which 
tells nothing about the individual. Sec- 
ondly, correlations yield practically no in- 
formation on how learning takes place, i.e., 
how the habit patterns develop. Expressed 
negatively: (1) We should not expect to 
predict individual behavior accurately in 
Specific situations, and (2) we should not 
expect to find how traits are learned. These 
two limitations are particularly common 
when the testing method is used, i.e., giving 
group tests and correlating test scores. 
What we can hope for, but not be sure of, 
is that the correlations will be useful in 
predicting group behavior when a certain 
set of scores is known. 

The learning approach leads most often 
to the controlled experiment. The re- 
searcher begins by asking questions about 
functional relations between conditions and 
behavior. He proceeds to set up a situa- 
tion in which he controls all variables but 
a few (often just one) which he manipu- 
lates systematically. He usually counts 
frequencies and latencies of a defined set of 
responses and analyzes these counts to see 
if his experimental operations can be said 
to have some significant effect. 

One of the most common criticisms of the 
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learning method is that the problems often 
have little apparent relation to significant 
human problems. Also, in experiments 
using human subjects the control of vari- 
ables is obten more apparent than real. 
When extrinsic variables have some sys- 
tematic effect, the strength of conclusions 
is seriously reduced. It is perhaps safe to 
say that no experiment in psychology has 
been found methodologically perfect. What 
the subject carries into the experiment is 
often either ignored or dealt with only 
superficially. Because of these defects the 
conclusions of experiments are usually only 
summaries of the results rather than gen- 
eralizations that are safe to apply to be- 
havior in other than the given experimental 
situation. But we should remember that a 
learning principle is the product of a num- 
ber of experiments that have parallel results 
under a variety of conditions. What, then, 
should we expect from the experiment ? 
(1) Suggestions for further experimentation. 
(2) Evidence for or against some particular 
hypothesis. 
(3) Material for development and refinement of 
theories. 
There are certain things that we should not 
expect to find from learning experiments : 
(1) Prediction of specific behavior of individuals 
who were not experimental subjects. 
(2) A “fix-it” list for schoolroom problems. 
(3) Definite statements as to what should be 
done. 

The next paper will contain a critical 
examination of a sample of studies repre- 
senting both approaches. Educational im- 
plications will be drawn from the studies 
and a comparison of value of the methods 
will be based on the soundness of the im- 
plications as testable hypotheses. A dis- 
tinction will be shown between implications 
drawn from carefully obtained results and 
those taken from results by methods based 
on tenuous assumptions and questionable 
data-gathering techniques. This inductive 
approach should help provide evidence to 
clarify the role of basic research in educa- 
tion. 
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AN EXPERIMENT IN USING CURRENT SCIENTIFIC 
ARTICLES IN CLASSROOM TEACHING * 


Joun M. Mason and WiLLArD G. WARRINGTON 


Michigan State College, East Lansing, Michigan 


NTRODUCTION. One of the main objec- 

tives of science instruction is to develop 
in students the habits of thought and action 
inherent in the so-called methods and atti- 
tudes of science. This is not an easy task 
as evidenced by the verbal comments of 
science teachers and the reported research 
studies dealing with student achievement 
toward this goal. Research studies ' show 
that students can make significant gains in 
their ability to use the attitudes and 
methods of science. However, there ap- 
pears to be a need for additional studies 
with respect to techniques for developing 
in students these characteristics. 

It has been assumed by some science 
educators that there is also a need in college 
science courses for setting classroom situa- 
tions which will be conducive to the de- 
velopment of the ability to communicate 
and to participate effectively in group dis- 
cussions. This need appears to be justified 
particularly in science courses in general 
education programs since science courses, 
as a rule, have not provided situations for 
the development of such goals. It was with 
these two needs in mind that the investi- 
gators undertook this study. 

Purposes. The main purposes of this 
study were: (1) to design and to carry 
through a discussion technique which 
would give students training in the critical 
evaluation of current scientific articles as 
one means toward the development of the 
ability to think scientifically ; (2) to evalu- 
ate this technique with respect to the 

* Contribution Number 67 of the Department 
of Natural Science, The Basic College, Michigan 
State College, East Lansing, Michigan. 

1John Murwyn Mason, “An Experimental 
Study in the Teaching of Scientific Thinking in 
Biological Science at the College Level.” Un- 


published Doctor’s dissertation. East Lansing: 
Michigan State College. 1951. pp. 26-60. 


students’ acquisition of this ability ; and (3) 
to ascertain student reaction to the tech- 
nique. 

Design and subjects. The study was con- 
ducted in the Department of Natural 
Science, Michigan State College, Fall 
Term, 1952. The instructional plan for the 
Natural Science course for the year 1952- 
53 provided for two one-hour lectures, one 
two-hour laboratory period, and one one- 
hour recitation period per week. The 
laboratory and recitation periods were cor- 
related. That is, students in a_ given 
laboratory section were also together in the 
recitation period and were taught in the 
laboratory and recitation periods by the 
same instructor. 
student to have the same instructor in 
lecture as in the laboratory-recitation com- 
bination. However, when this situation did 
occur it was due to chance as the lecture 
sections were not intended to be correlated 
with any specific laboratory-recitation com- 
bination. 

The teaching arrangement in this study 
was such that the students in four labora- 
tory sections with their respective corre- 
lated recitations were taught by the same 
instructor. It was assumed that the stu- 
dents in each of these laboratory and reci- 
tation sections constituted random samples 
since they had registered for their par- 
ticular sections without foreknowledge of 


It was possible for a 


the experiment and of the particular in- 
structors involved in the study. The 
students in two of these four laboratory- 
recitation combinations were selected by 
chance as the control group and the stu- 
dents in the other two laboratory-recitation 
sections were likewise selected as the ex- 
perimental group. There were fifty-nine 
students in the control group and fifty- 
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seven students in the experimental group. 
It is to be noted that all of these students 
were taking the first term of Natural 
Science and, regardless of the methods used 
in this study, were evaluated at the end 
of the term by a departmental term-end 
examination. A student’s score on this 
term-end examination constituted fifty per 
cent of his grade for the term. 

Methods employed. Since the students 
had the same instructor in laboratory and 
since the same procedures were used in 
the laboratory work for both groups, this 
instruction was assumed to be a constant 
in the study. It was also assumed that 
the effects of lecture instruction was not 
significant in this investigation. This 
assumption was based on the fact that the 
various individuals in both groups had 
scheduled for lecture sections without pre- 
vious knowledge of the experiment or of 
the lecturer and therefore might be con- 
sidered as random samples from the entire 
lecture population. The method that was 
varied was the procedure for teaching the 
students during the recitation period. 

The procedure used in teaching the 
students in the control group in recitation 
was a teacher-student discussion method in 
which the students were responsible for the 
questions and/or problems to be discussed. 
This plan together with purported values 
associated with it had been discussed with 
the students in the control group at the be- 
ginning of the term and they had agreed to 
assume this responsibility. That is, the 
students brought to class written questions 
and/or problems with which they had had 
difficulty. These were handled by the tra- 
ditional classroom question and answer 
technique with the instructor attempting 
to draw out student responses before com- 
menting on the questions himself. If the 
question and answer activity consumed only 
a part of the period due to any of several 
factors such as failure of students to make 
questions or nature of the questions, the re- 
maining time was devoted to a routine 
checking of the week’s laboratory study 
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with the teacher either giving the correct 
responses or asking students for their 
observations and/or conclusions. The main 
purposes of the procedures used with the 
control group were to give students training 
in assuming the responsibility for locating 
their own difficulties and to increase their 
acquisition and understanding of the sub- 
ject matter of the course. 

In contrast to the above purposes for the 
control group, the main purposes of the 
method employed with the experimental 
group were to give the students direct 
training in individually analyzing and criti- 
cally evaluating current scientific articles 
and to provide an opportunity for group 
discussion of their analyses and evaluations. 
The articles used were selected on the basis 
of their interest, verbal level, completeness, 
and length and were not directly related 
to the course content. This method was 
initiated by furnishing the students with a 
mimeographed copy of an article at the 
beginning of the period. They then pro- 
ceded to read the article after which they 
received a question sheet designed to elicit 
their analyses and evaluations of the article. 
This sheet contained free response ques- 
tions with spaces after a specific question 
for writing their answers. In the main, 
these questions followed the plan of having 
the student locate the problem or problems 
investigated; cite the stated or inferred 
assumptions; give the hypothesis or hy- 
potheses presented; and evaluate the pro- 
cedures used and the conclusions drawn by 
the investigator. Additional questions 
varied with materials and included inquiries 
as to interest, criticism of specific state- 
ments, and social significances of the study. 
The time allowed for answering the ques- 
tions for a given article was determined 
subjectively by the instructor on the basis 
of his observations of the progress of the 
class as a whole. That is, when most of 
the students appeared to have just about 
completed their answers to the questions, 
he would designate a stopping time and 
all students were supposed to try to finish 
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by this time. The reading and writing 
exercises usually required about half of 
the period and the remaining time was 
used for discussion purposes. 

The discussion procedure was student 
directed and student centered in that the 
instructor attempted to set the learning 
situation so that there would be maximum 
student participation. A student was 
either designated or one volunteered to act 
as moderator for the discussion and the 
forementioned question sheet was used to 
initiate this activity. One or more students 
read their written response to a question 
after which the moderator attempted to 
secure group reaction with respect to such 
things as the correctness of a given re- 
sponse, other analyses and interpretations, 
and general comments. In so far as it was 
feasible, the moderator had full responsi- 
bility for the activity, with the instructor 
functioning mainly as a resource person. 
However, at times it was necessary for the 
instructor to limit or re-direct the discus- 
sion. 

The study began the second week of the 
term and ran through the eighth week of 
a ten week term. The first and last weeks 
of the term were used to administer tests 
and there was no recitation period the ninth 
week. Thus the students in the experi- 
mental group had approximately seven 
hours training in the method employed in 
teaching them in the recitation period. It 
is to be noted that the instructor had also 
discussed with the students in the experi- 
mental group the overall aspects of the 
method to be employed in their recitation 
period and some of the values which might 
accrue from such a procedure. This was 
in keeping with the procedure followed with 
the control group so that both groups would 
be aware of the objectives for their par- 
ticular recitation period. It was not in- 
tended that the two groups would be aware 
that a study was being attempted. How- 
ever, due to uncontrollable circumstances 
the students did learn of the experiment. It 
is the opinion of the investigators that this 
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knowledge was not a significant factor in 
the study. 

Hypothesis tested, collection and treat- 
ment of data, and results. It was hypothe- 
sized that student achievement as indicated 
by their scores on specific tests is inde- 
pendent of the method used in teaching 
them in the recitation period. This hypothe- 
sis was held for comparisons between the 
students in the experimental group and in 
the control group with respect to achieve- 
ment on tests designed to measure student 
beliefs? and the ability to reason scientifi- 
cally * and on the departmental term-end 
examination. 

The “Inventory of Beliefs, Form I, 
hereafter designated as IB, and the test 
entitled “A Test of Science Reasoning and 
Understanding, Natural Science, (First 
Edition), Form C,” hereafter referred to 
as SC-Rea, were administered as pre-tests 


during the first week of classes and they 
were repeated as post-tests the last week of 
classes. The department term-end exami- 
nation was the instrument used throughout 
the Department of Natural Science to 
evaluate student achievement at the end of 
the first term. 

In addition to the data secured by the 
administration of the above evaluation in- 
struments, each student’s © and L score on 
the ACE Psychological Examination, 1952 
Revision, as obtained during Orientation 
Week was available for analysis. The 
mean and standard deviations for the con- 
trol and experimental groups as derived 
from the scores of the students on the in- 
struments used in this study are given in 
Table 1. 

The data pertaining to the Q and L 
scores and to the pre-test scores for the 
SC-Rea and IB instruments, as given in 
Table 1, support the earlier stated assump- 

2 Cooperative Study of Evaluation in General 
Education of the American Council on Educa- 
tion, Inventory of Beliefs, Form I, 1951. 

8 Cooperative Study of Evaluation in General 
Education of the American Council on Education, 
A Test of Science Reasoning and Understanding, 
Natural Science, (First Edition), Form C, 1952. 
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TABLE 1 


MEANS AND STANDARD DEVIATIONS FOR CONTROL AND EXPERIMENTAL GROUPS 


ACE 
N* Q 

CONTROL 59 

Mean 40.5 63.3 

S.D. 8.3 11.9 
EXPERIMENTAL 57 

Mean 41.3 63.5 

S.D. 8.0 13.9 


* Number of students. 


tion that the control and experimental 
groups represented comparable random 
samples of all students registered in the 
first term of Natural Science. The appli- 
cation of the t-test showed that the two 
groups did not differ significantly in per- 
formance on the post-test SC-Rea test, the 
post-test IB instrument, or the term-end 
examination. It is interesting to note that 
both groups showed about the same gains 
between the pre- and post-test scores for 
both the SC-Rea and the IB instruments. 
From this observation, one might infer that 
the first term Natural Science course in 
conjunction with the other concurrent ex- 
periences of the students had had some 
positive effect in developing more objective 
and critical thinking habits in the students 
in this study. From the fact that the con- 
trol group scored slightly higher on the 
term-end examination than the experi- 
mental group, one could conclude that the 
students in the experimental group, as far 
as acquisition of subject matter was con- 
cerned, might have profited more by an- 
alyzing materials which were definitely 
related to the topics in the course than by 
analyzing current scientific articles. The 
overall statistical results indicate that the 
experimental technique was no more 
effective than the method used with the 
students in the control group with respect 
to the acquisition of the ability to think 
scientifically. 

Reported student reaction..\n order to 
get student reaction to the method em- 
ployed with each group, the students were 


TERM- 
SC-REA IB END 
Pre- Post- Pre- Post- EXAM 
test test test test 
26.8 30.2 61.1 63.7 69.1 
6.5 6.5 15.5 14.9 14.9 
27.4 30.7 62.2 65.3 66.8 
6.5 6.3 12.4 13.2 11.7 


asked to make an unsigned response to the 
following statement. Please state your re- 
action to the teaching techniques used 
during the one hour recitation periods this 
term. The fact that this statement was 
given to the students near the end of the 
last recitation period when they were taking 
one of the required tests ‘may have 
accounted for receiving only forty-two re- 
sponses from the students in the control 
group and forty-one responses from the 
students in the experimental group that 
could be used for general reaction analysis. 

Of the forty-two students responding in 
the control group, thirty-seven indicated 
that they had, in general, liked the method. 
From their responses one could infer that 
they thought it was a good idea for them 
to assume the responsibility for locating 
their own difficulties and that it was bene- 
ficial to them to discuss by the question 
and answer method these difficulties in 
class. However, several of these students, 
while favoring the techniques used in the 
recitation period, thought that in addition 
some time should have been used for such 
things as questions by the teacher, brief 
reviews, and the checking of tests. Only 
five students indicated that the method was 
unfavorable or that a better method should 
have been employed. 

With respect to the responses of the 
students in the experimental group, thirty- 
six were pleased with the method and five 
gave responses that were unfavorable. The 
unfavorable reactions indicated that these 
students thought that the time should have 
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been devoted to a study of factual course 
material. In contrast to this negative point 
of view, there was a very definite feeling 
on the part of the students favoring the 
experimental procedures that it had been a 
most worth-while experience in that it had 
provided an opportunity for training in 
critical thinking. Some of the indiyidual 
comments were are follows: “. . . helped 
thinking out problems and understanding 
them”; “. . . helped me in reading articles 
critically and effectively”; “. . . helps you 
understand the scientific method”; “. . . 
learned to reason better and to use critical 
thinking”; “ a good chance to think 
for yourself and proves that you shouldn't 
believe everything you read and hear”; 
“ .. gave everyone a chance to state his 
ideas . improved my understanding of 
scientific thinking”; “ made me stop 
and think”; “. . . interesting and | probably 
wouldn’t have read them otherwise. Now 
when I pick up a newspaper or a mag- 
azine, I look for scientific articles’; “ 
find that this method of thinking helps me 
in my other classes”; “. . . enjoyed because 
we talked about current scientific prob- 
lems”; “. . . better able to think through 
problems in this course as well as other 
courses”; “. . . effective in teaching scien- 
tific methed”’; *. . . effective in teaching us 
to think and read critically, not to accept 
faulty or hazy conclusions”; “. . . learned 
how to be more careful in my beliefs of 
what other people say or do”; “. . . gave 
everyone a chance to participate in the dis- 
cussion”; and “. . . has given me a better 
understanding of how to evaluate articles 
of any kind.” 

From these comments, one may conclude 
in so far as reported student reaction is an 
acceptable criterion for the success of a 
teaching procedure, that the experimental 
teaching technique was successful with 
respect to students feeling that they had 
acquired some ability to think more criti- 
cally. It should also be noted that the 
method used with the control group would 
also be considered successful by the same 
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criterion. Thus, it would appear that the 
students in both groups felt that the ob- 
jectives set for their group had been, at 
least, partially achieved. 

It is perhaps worth noting that in the 
free responses given by the students in the 
experimental group only a few of them 
mentioned other objectives than those asso- 
ciated with scientific thinking. However, 
it was the subjective opinion of the in- 
structor that the experimental technique 
did provide opportunities for training in 
group leadership, communication between 
individuals, and other abilities associated 
with group participation. 
reasonable to hypothesize that short term 


In fact, it seems 


studies, such as the one described here, 
which introduce new methods may possibly 
cause the students to accept and adopt new 
ideas and approaches that will be quite 
helpful in the long run even though little or 
no value is demonstrable in the immediate 
classroom situation. 

Summary. This study compared two 
methods of teaching students in a one hour 
recitation period with respect to acquisition 
of the ability to think scientifically. One 
method, employed with the experimental 
group, stressed the analysis and evaluation 
of current scientific articles as a means 
toward the attainment of this objective and 
the other method, used with the control 
group, was concerned mainly with location 
of student difficulties and the acquisition 
of factual information. The main findings 
and tentative conclusions of this study 
were : 

1. The technique designed to give stu- 
dents training in the analysis and critical 
evaluation of current scientific articles as 
one means toward the development of the 
ability to think scientifically was no more 
effective with respect to student acquisition 
of this ability, as indicated by their scores 
on the instruments used, than the method 
employed in teaching the students in the 
control group. However, the students who 
had the training in the critical analysis and 
evaluation of current scientific articles indi- 
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cated by their reaction to a free response 
questionnaire that they felt that they had 
become more scientific in their thinking due 
to this training. Thus, this technique ap- 
pears to have possibilities for at least 
making students aware of the skills and 
abilities inherent in the methods and atti- 
tudes of science. 

2. The students in both groups made 
gains on evaluation instruments designed 
to measure some of the abilities associated 
with scientific thinking. From this finding, 
it seems reasonable to infer that the total 
experiences of the students during. the first 
term had had some positive affect upon 
their ability to think scientifically. This 
is a point in favor of a general education 
program wherein the major objectives of 
the various courses in the program are 
somewhat similar. 

3. The mean of the students in the con- 
trol group was somewhat higher for the 
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term-end examination than the mean of the 
students in the experimental group. In 
view of this finding, it appears that the 
readings used for analysis and evaluation 
should be directly related to the subject 
matter of the course. This finding together 
with other observations indicated that 
whiles seven hours apparently was not 
enough time to produce any statistical 
change in student behavior with respect to 
critical thinking the same amount of time 
was possibly beneficial in regards to the 
acquisition of subject matter content. 

4. The students in both groups felt that 
the method used in teaching them in recita- 
tion was worth-while in that each method 
had provided training with respect to the 
objectives set for each respective technique. 
Further comparisons between the methods 
suggested here and more _ traditional 
teacher-oriented methods seem warranted. 


A LABORATORY PROGRAM FOR A GENERAL EDUCATION 
COURSE IN THE PHYSICAL SCIENCES 


AntTON PostTL 
Oregon College of Education, Monmouth, Oregon 


N this scientific age, it is being realized 
I more and more that the sciences them- 
selves must reach out to make their aims 
properly understood to win the support of 
the general public. The scientists will have 
no one but themselves to blame if the people 
cannot distinguish between some of the 
glitter of what passes as technology and the 
solid achievements of science. Most so- 
called general science courses of today, i.e., 
general courses in chemistry or physics, 
are essentially professional or pre-profes- 
sional courses and the student wanting 
merely an acquaintance with the field for a 
cultural appreciation must make the best of 
the situation. 

Many science staff members of our col- 
leges and universities still look askance at 
general education courses, though it seems 
reasonable to assume that an acquaintance 


with the whole field, and the greater view 


and perspective thus obtained, would be 
more valuable than a greater store of par- 
ticular facts in one special field which, un- 
less used, will soon be forgotten. One 
might well ask which program provides 
the better background for future parents, 
future teachers, and general readers. 

On the other hand, we have some edu- 
cators who in their zeal for integration, 
dilute the material so as to have little left 
but superficial generalities. Here the im- 
portance of the scientific method is often 
stressed while the approach, by just talking 
about it, fails to make use of the acclaimed 
method of “learning by doing” which is the 
accepted approach of the natural sciences. 

As in most situations, a combining of the 
two extreme positions will likely prove an 
acceptable solution. The conclusions 
reached in the Report of the Harvard Com- 
mittee on General Education in a Free 
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Society,| among others, seem to support 
this position. 

In the more recent Recommendations 
Made for Changes in Science Teaching by 
the AAAS Cooperative Committee? com- 
posed of seventeen scientific and educational 
organizations, this view finds additional 
support. 

If the general education course, however, 
is to merit the respect it deserves, it must be 
conducted on a level almost equal with the 
established general science courses in the 
special fields, and what the general educa- 
tion course might necessarily lack in rigor 
because of brevity, it should be well able to 
compensate for through utility. At any 
rate, more friends might thus be won to 
science instead of the many cynics whose 
only formal contact with science was an un- 
happy experience to be forgotten. 

Proceeding on the assumption that the 
general education course in the natural sci- 
ences is desirable, one might well ask in 
what respects the organization of such a 
course differs from the established sciences. 
However, there is likely to be no great dif- 
ference in the essentials of the aims and ob- 
jectives but only in relative emphases, and a 
full discussion is out of place here. The 
reader might refer to what appears to be an 
able analysis by Nedelsky * in the field of 
physics who, for an example, groups them 
into four major categories: 1. Knowledge, 
2. Ability to use the methods of science, 
3. Ability to read scientific literature, and 
4. Proper attitudes and habits. 

Many of the present general education 
courses fail in two of these categories, 
namely, in the ability to use the methods 
of science and in the development of 
proper attitudes and habits. This great 
weakness is due to the fact that they are 
nearly always conducted as lecture courses 
supplemented by a varying amount of 
demonstration work. When one con- 
siders that nearly all of our present-day 
knowledge of the natural sciences is the 
result of the accumulation of experimental 
observations, it seems only natural that the 


student also be acquainted with the methods 
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utilized, and not just the factual end re- 
sults. The criticism that the laboratory 
work is of necessity not conducted in the 
true inductive manner, applies no more to 
this situation than it does to any other gen- 
eral laboratory course in the natural 
sciences. Both can be improved if given 
more time and with smaller groups under 
proper direction. 

Under point eight of the implementation 
program of the Recommendations Made for 
Science Teaching already referred to, “It 
is urged that men in the scientific profes- 
sion—whether it be medicine, agriculture, 
engineering or industrial chemistry—insist 
that in their communities science be taught 
as a laboratory science.” While this may 
not have been actually directed at the sit- 
uation under discussion, it applies equally 
well and the truth is that most of us have 
been content with the simpler way out, i.e., 
inferior science programs for the majority 
of students not majoring in the natural 
sciences. Smaller institutions may find 
that establishing such a laboratory course 
will actually make better use of the existing 
facilities, while even the larger institutions 
in which the laboratories are already over- 
taxed, hence offer the no-laboratory survey 
course, will find that this approach provides 
many advantages of real service to our 
students. 

At the Oregon College of Education, the 
author has set up a laboratory course in 
the physical sciences. Because of the lack 
of any available laboratory manuals, (with 
one exception), the author wrote and 
mimeographed the experiments. In the 
selection of a set of illustrative experiments 
one encounters a problem which is neces- 
sarily more difficult than with a general 
course because the amount of time spent in 
each area is more limited. 

At present, the Oregon College of Edu- 
cation program consists of the following 
experiments : 

1The list of experiments has since been ex- 
panded and is available in printed form from 


the Burgess Publishing Company, Minneapolis 
Minnesota. 
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Astronomy: 


Solar System, Location and Identification of 
Stars and Planets 


Chemistry: 


Physical and Chemical Changes, Chemical 
Equations and Calculations, Chemical Reactions, 
Acids, Bases, and Salts, Solubility Curves, Chem- 
ical Applications 


Geology: 


Identification of Rocks and Minerals, The 
Work of Running Water, The Work of the Sea, 
The Work of Glaciers, The Work of Volcanos 
Meteorology: 

Climate, Weather 
Physics: 

The Metric System Simple Machines, Con- 
current Forces, Temperature Scales and the 
Calibration of a Thermometer, Heat of Fusion, 
Wave Motion, Light, Magnetism and Electro- 


statics, Magnetism and Electricity, Electrical 
Power Consumption 


This initial group of experiments was 
selected with the view of illustrating as 
many phases as possible of the work which 
might naturally be encountered in working 
in these areas and at the same time be of 
interest to a beginning student. At no time 
has it been the intent to merely provide 
work, but rather to use varied approaches 
such as the use of the basic “tools” and 
units of the scientist, the interpolating and 
constructing of tables and graphs, and an 
appreciation of the need for careful observa- 
tions and accuracy in calculations as justi- 
fied by the measurements. 

The directions are designed to require 
thoughtful attention to the work at hand, 
avoiding what is commonly referred to as 
the ‘cook book” method. The usual form 
of scientific write-ups is required because 
it is felt that the ability to think, organize 
and express one’s thoughts, is surely to be 
preferred to the un-natural “fill-in” method. 
In the grading of the notebooks we have 
found, as have others, that the greatest 
benefit is obtained by checking the books 
in the laboratory in the presence of the 
student where the opportunity exists for 
questions on the part of the student as well 
as the instructor. 

In addition to these regular laboratory 
experiments, there is one period set aside 
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each term in which the students are re- 
sponsible for performing an advanced ex- 
periment or demonstrating a piece of equip- 
ment they have constructed, or teacher 
trainees may use a classroom demonstra- 
tion. 

The work in geology and meteorology 
makes use of the great potentialities of the 
Northwest for these experiments. Each 
term a field trip is made to a geology site, 
or an industrial plant, or an evening is 


spent with the telescope. The work is 


supplemented with slides .of the geology 
sites and, of course, the usual classroom 
demonstration and use of other visual aids. 
At the end of each term, a comprehensive 
test is given on the laboratory work. 

Though no actual comparative study has 
as yet been made, the results of this pro- 
gram which has now been in operation for 
five years, with several staff members par- 
ticipating, have been very satisfactory.” 
Though the students are often reluctant in 
the beginning, the great majority of them 
become quite enthusiastic over the contri- 
butions the laboratory work has to make. 
Some of the students have a woefully inade- 
quate mathematical background and present 
for this reason a special problem, while 
others have difficulty with the laboratory 
write-up. The problems, however, are no 
different from the situations commonly 
arising in a general chemistry laboratory, 
for example. 

The staff to implement this program 
presents another problem because of the 
broad background necessary, and an im- 
portant requisite, in addition. to a good 
preparation, is an interest in, and enthu- 
siasm for, the program. As long as only 
few workers trained for this type of work 
are available, one inherent danger in start- 
ing out on such a program is over-empha- 
sizing one’s own specialty to the neglect of 
other fields. 

Finally there is the problem of physical 

2 This past year an experimental program was 


carried on at several institutions of the Oregon 
State System of Higher Education. 
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facilities and equipment, for it means a 
laboratory set-up permitting work in sev- 
eral fields. Here again the obstacles are 
by no means insurmountable and in most 
situations the existing facilities can easily 
be adapted. 

The result, a generally much more en- 
thusiastic group of students whose en- 
hanced powers to observe, whose analytical 
attitude and appreciation of work in the 
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sciences are noticeable to all, is well worth 
the time and money spent. 
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THE DEVELOPMENT OF THE SCIENCE PROGRAM IN 
TEACHER EDUCATION AT MADISON COLLEGE * 


Murti C. SHAWVER 


Madison College, Harrisonburg, Virginia 


T is my great pleasure to participate in 

the Thirty-Third Conference on the 
Education of Teachers in Science. It gives 
me an opportunity to discuss my favorite 
subject— Madison College. It occurs to me 
that the members of this conference are 
particularly well qualified to react to a sur- 
vey of the Madison Coilege science faculty’s 
struggles with curricular problems related 
to the education of science teachers. Many 
of you are from institutions where, as 
faculty members, you have encountered 
very similar problems to those with which 
we have been confronted at our institution. 

As I give consideration to the programs 
of education of teachers in science at Mad- 
ison College, | am well aware of the fact 
that a number of other faculty members at 
our institution have had more years of 
association with our programs of science 
education than has your speaker. My re- 
marks are based upon five years association 
with the institution. However, these last 
five years have been very significant years 
in curriculum planning at Madison. I will 
open my report with a brief history of our 
institution. 

Madison College is a multi-purpose insti- 

* Paper presented at the Thirty-Third Con- 
ference on the Education of Teachers in Science, 


Teachers College, Columbia University, October 
30, 1953. 


tution under the direct control of the Vir- 
ginia State Board of Education. Teacher 
education has been and still is an integral 
part of Madison’s program.' Our institu- 
tion was founded by the act of the Virginia 
Assembly, March 14, 1908, as the Normal 
and Industrial School for Women. In 
1916 the name was changed to that of the 
State Normal School for Women at Har- 
risonville. Legislative acts changed the 
name of the school twice more; in 1924 to 
the State Teachers College at Harrison- 
burg, and in 1938 to Madison College in 
honor of James Madison, the fourth Presi- 
dent of the United States. 

Name changing has occurred frequently in 
state supported teachers colleges. Only about 
half of the states still have tax supported insti- 
tutions designated by the title State Teachers 
College. 

Virginia does not have a state supported 
college designated as a “State Teachers 
College.” Mary Washington has become 
the women’s division of the University of 
Virginia. Radford has a similar relation- 
ship to Virginia Polytechnic Institute. 


1 During the school year of 1953-54 out of an 
enrollment of 907 full-time students 535 are in 
teacher preparing curricula. Thus 59 per cent 
of Madison’s students are preparing to be teachers. 

2 Kuykendall, Dean W., “The Disappearing 
Teachers College,” School and Society, 69:351, 
May, 1949. 
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Early in 1949 Farmville State Teachers 
College became Longwood College. 

Madison has granted degrees since 1919. 
The college now grants the A.B., B.S., A.B. 
in Ed., the B.S. in Ed., and the B.M. de- 
grees. The program at Madison now pro- 
vides seven divisions or fields. of concentra- 
tion in which students may elect to direct 
their efforts in planning their college work: 

I. Education for teaching 

(Elementary and Secondary Schools ) 

II. Liberal Arts 

III. Home Economics 
IV. Business Education 
V. Education in Music 
VI. Education for Librarianship 
VII. Pre-Professional Education 

Madison is a college for women. Sepa- 
rate education for the sexes has been the 
tradition in Virginia tax-supported col- 
leges. However, men have been enrolled 
at Madison since 1946. For the educa- 
tional emergency following World War Il 
the State Board of Education has author- 
ized our college to admit a limited number 
of men as day students. 

Courses in the sciences were a part of 
the first offerings of Madison College when 
it was founded as the Normal and Indus- 
trial School for Women. The first faculty 
members came to the institution with ex- 
perience as teachers in public elementary 
and secondary schools or other normal 
schools. 

The catalog descriptions of the intro- 
ductory science courses during the 1920's 
stressed the professional contribution that 
the courses would make to teachers. Such 
courses as nature science, offered by the 
department of biology, and elementary 
science were designed specifically for 
teachers. Very few advanced courses in 
science were offered at our institution until 
after 1925. As the college enrollment in- 
creased, and as more students were pre- 
pared for high school teaching positions, the 
science offering of our college was in- 
creased: The increasing student enroll- 
ment resulted in the addition of more 
science faculty members. Most of the new 
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science faculty members who came to our 
college during the 1930-50 period were 
graduates of liberal arts colleges and grad- 
uate schools of universities. Many of them 
had the doctorate degree. Most of these 
new staff members had taught in a liberal 
arts college and/or the arts and science 
division of a university. The introductory 
courses in the natural sciences at our col- 
lege, which had once specified professional 
contributions to teachers, were changed to 
an emphasis upon preparation for advanced 
work in a specific field of science. Catalog 
statements about the introductory science 
courses no longer made mention of pro- 
fessional content but stressed the courses 
as introductions to scientific disciplines. 

During the present session (1953-54) 
the science courses at Madison College 
enroll 715 students; almost 79 per cent of 
the total enrollment. The number of 
students who minor in science is relatively 
large. However, the number of science 
majors is small. This presents a signifi- 
cant problem for the science faculty at Mad- 
ison because it is known that there is an 
increasing need, in the public schools of 
Virginia, for many college graduates with a 
major concentration in science. 

During the past four years at Madison 
College considerable attention has been 
given to the organization and the deter- 
mination of the content of a general educa- 
tion program for our students. In the 
1949-50 school year the president of our 


college appointed a large faculty committee 


to study and reconsider our total college 
program. The large committee was organ- 
ized into four sub-committees. One sub- 
committee was to re-evaluate the extra- 
curricular program of the college; another 
group was to make recommendations re- 
garding the administration of the college. 
Two sub-committees were concerned pri- 
marily with curriculum revision. The pro- 
grams of professional education, offered at 
our college, were studied by one of these 
sub-committees. The other group was 
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assigned the task of proposing a program of 
general education for our students. 

During the four year period of curricu- 
lum study and revision at Madison College 
many of the faculty members took part in 
meetings, study groups, workshops, and in 
the preparation of course outlines. Faculty 
wide participation in curriculum revision 
had not been the practice at our college up 
until this time. Curriculum reconstruction 
had previously been the task of department 
chairman and other administrative per- 
sonnel. Therefore, the organization and 
content of the courses in the proposed gen- 
eral education program were determined 
chiefly by those who would be engaged in 
the instruction of the program. As a matter 
of fact, in the first stages of the study, an 
important premise was to the effect that a 
general education program would be more 
effective if those who were to teach the 
courses were given abundant opportunity 
to take part in their organization. 

After many meetings and hours of work, 
extended over a period of almost four years, 
the Madison College faculty approved a 
general education program to be put into 
effect in the fall of 1954. The general edu- 
cation program, consisting of 46 semester 
hours which is to be required for all four- 
year students at Madison College follows: 


natural sciences — 8 semester hours 
social sciences —12 semester hours 
humanities —12 semester hours 
communication — 8 semester hours 


health and physical education— 6 semester hours 


It is possible for the student to distribute 
this required core of courses throughout 
their four-year program; however, as is 
characteristic of most general education 
programs there is a greater concentration 
in the first two years. 

It is expected that a few students who 
come to Madison might be able to demon- 
strate a competence in certain areas of the 
general education program. Therefore, 
screening examinations are available for 
those students who wish to take them. It 
is believed that these examinations may 
prevent an unnecessary duplication of pre- 
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vious educational experiences on the part 
of students entering college. 

The eight hours of the general education 
program designated for the natural sciences 
permitted the organization of two courses, 
each a semester in length, and each for four 
semester hours credit. One course was in 
the Biological Sciences. Students could 
elect General Physical Science, Chemistry 
in the Modern World, Physics in the 
Modern World, or Geology to complete the 
eight hour requirement in the natural 
sciences. All of these courses give empha- 
sis to the impact of science upon society 
and the utility of the methodologies of the 
sciences. The organization of these courses 
provide opportunity for student-instructor 
identification and study of problems related 
to daily living. Laboatory work is a part 
of all of these courses. The proposed 
course outlines in the sciences, and the 
entire general education program, are re- 
garded as suggestive. It is visualized that 
as these courses are taught there must be a 
constant re-evaluation and a 
study of purposes and goals. 

Thus with the general education program 
in operation, Madison students will have 
completed eight semester hours of natural 
science, with experiences in both the bio- 
logical and physical sciences, by the conclu- 
sion of their freshman year. It is visual- 
ized that this introduction to the natural 
sciences will encourage more students to 
select science as their major. 


continuous 


The depart- 
ments of biology, chemistry, and physics 
offer majors and it is also possible to obtain 
one in general science. 

A six semester-hour professionalized- 
content course in the physical sciences is 
now required of those students preparing 
This course is 
taught by a member of the physics depart- 
ment. It provides instruction in the funda- 
mentals of physical science with emphasis 


to be elementary teachers. 


on the role of science in the elementary 
school. In this course it is possible to 
provide some actual classroom experience 
with boys and girls in using the materials 


of science. This is made possible through 
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the cooperation of the city and county 
schools near our college campus. The 
course is offered to prospective elementary 
school teachers in their junior year and 
thus provides opportunity for work with 
children before the senior year. 

Most of the present elementary majors 
do not take a_ professionalized-content 
course in the biological sciences as their 
crowded program does not allow for more 
than twelve semester hours of science. 
However, this situation will be corrected 
shortly as a four semester hour course, 
Science in the Elementary School, is pro- 
posed for 1956-57. This course will be 
jointly offered by the departments of bio- 
logical and physical science, and will re- 
place the six semester hour course in physi- 
cal science. 

Two science courses are organized 
chiefly for the prospective high school 
science teachers who attend Madison Col- 
lege. One is a Seminar for Science 
Teachers offered to seniors. It is a two 
semester course given for four semester- 
hours credit. Science majors who plan to 
teach in secondary schools are required to 
take at least one semester of this course. 
Attention is given to problems encountered 
in teaching general science, biology, chem- 
istry, and physics in the high schools. The 
instruction is shared by four persons from 
as many different science disciplines. In 
this course students work on selected prob- 
lems using reports, discussions, demonstra- 
tions, audio-visual aids, and other instruc- 
tional materials. Many of the students 
are taking their directed teaching in the 
local schools at the same time that they take 
this course and provisions are made for 
the seminar experiences to be utilized in the 
high school classroom. 

Biology majors who plan to teach in the 
high schools are required to take a six 
semester-hour course in the biological 
sciences where the content is professional- 
ized. In this course students study ecology, 
conservation, human biology, disease and 
human welfare, teaching aids, and problems 
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related to the teaching of high school 
biology. Some attention is given to the 
identification of plants and animals, a num- 
ber of field trips are a part of the course. 
Science staff members at Madison Col- 
lege have made a careful study of the an- 
nual reports of the Coordinator of In- 
service Teacher Education. Our college 
accepts considerable responsibility for the 
beginning teacher. The coordinator of this 
program spends almost full time visiting the 
recent graduates of Madison College in 
their new teaching positions. During the 
course of a year he has many conferences 
with beginning teachers and their super- 
visors. Staff members of our college may 
visit our graduates in their new positions. 
This gives the college staff the opportunity 
to observe first-hand some of the problems 
of teachers in the public schools. Changes 
are made in our college instructional pro- 
gram because of insights gained from 
studies of our recent teaching graduates and 
their problems. For example, it was found 
that the students who graduate from our 
college as majors in biology or chemistry 


or physics are frequently assigned jobs in 


which the major load is in general science. 
Our graduates, who major in the special 
sciences, usually meet the State’s certifica- 
tion standards for teaching general science, 
but since most of their college work is in a 
specific field of science, the teaching of gen- 
eral science provides many problems. The 
science staff at Madison is now attempting 
to help future graduates in this matter. The 
senior seminar for science teachers, which 
was described earlier in this report, gives 
considerable attention to the problems of 
teaching general science. 

Summer school courses in the sciences 
are introductory in nature. Other courses 
are especially designed for experienced 
teachers. One summer course in biology 
treats the development of children. Two 
science courses are of the workshop type, 
one for elementary school teachers, and the 
other is for secondary school teachers. 
These courses provide opportunity for the 
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teacher to organize teaching materials in 
science and to gain in science background. 

In this report an attempt is made to relate 
how the science staff members of Madison 
College have reacted to a particular group 
of problems associated with science educa- 
tion. We have not, by any means, disposed 
of all our problems. Additional problems 
are coming into sharper focus all the time. 
Just to mention a few; the screening ex- 
aminations for the science courses in the 
general education program, instruction and 
evaluation of the general education courses, 
a continuing critical re-evaluation of the 
in-service and pre-service programs of 
science instruction, and the nature of the 
program of science education as a part of 
a graduate degree for elementary and 
secondary school teachers.* These and 
other problems demand the attention of the 
science staff at Madison College. We wel- 
come the challenge of these problems and 
hope to make our contribution to an im- 
proved education for the youth of Virginia. 

8 By act of the Virginia State Board of Edu- 
cation as of March, 1954; Madison College may 
now plan a graduate program leading to the 


Master of Arts in Education, or the Master of 
Science in Education. 


Book REVIEWS 311 


TESTA 
WIDE FIELD MICROSCOPE 


A Sturdy, Standard-sized, American-made 
Microscope with WIDE FIELD and 15x, 45x, 
75x MAGNIFICATION for Live Nature and 
Whole Specimen Study in or outdoors. 


Unusual versatility in use is one of its out- 
standing features. In addition to normal 
position for desk work, arm or tube may be 
inclined or reversed to operate in any direc- 
tion of a 360° circle. 
Tube removable for field 
trips. 

Price of Model A, illus- 
trated, is $47.50. This in- 
cludes not one but all 
three magnifications, 15x, 
45x, and 75x, coarse and 
fine focusing. Achromatic 
objectives. Send for Bul- 
letin A-145. 


If interested in our com- 
plete line of quality 
school micro- 
scopes at low 
cost, send for 


bulletin M-80. 


Please address 
Dept. SE. 


TESTA MANUFACTURING CO. 
10130 E. Rush St., El Monte, Calif. 


BOOK REVIEWS 


Jean, Frank Covert, HArrAn, Ezra CLARENCE, 
HerMAN, Frep Louis, AND Powers, SAMUEL 
Ratpx. Man and His Biological World. Bos- 
ton: Ginn and Company, 1952. 631 P. $5.00. 


This is the third revision of a text first pub- 
lished in 1934. The earlier editions have been 
most popular, especially in classes composed of 
prospective teachers. The new edition brings the 
text up-to-date in the light of new developments 
in biology and medicine. There is considerable 
material on social trends, industrialization, and 
the need for education in the use of leisure time. 

The book is organized in large teaching units 
(nine units and twenty-three chapters) with the 
emphasis throughout on man. The study of all 
life development is centered around him. Physio- 
logical concepts are developed and illustrated by 
both plants and animals. 


The authors have done an unusually fine job of 
synthesizing the various areas of biological sci- 
ence: biology, physiology, ecology, genetics, con- 
servation, paleontology, and anthropology. The 
illustrations are excellent and the literary style 
most readable. College students will especially 
appreciate these two features as well as the selec- 
tion of challenging content. In the opinion of 
the reviewer, Man and His Biological World is 
the best of the survey texts in biology from 
most standpoints and should especially appeal to 
those preparing prospective teachers in the bio- 
logical sciences. 

Professors Jean, Harrah, and Herman are well- 
known science teachers at the Colorado State 
College of Education, Greeley, Colorado and Pro- 
fessor Powers was for many years, and until last 
July, Chairman of the Division of Natural Sci- 
ences, Teachers College, Columbia University. 
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Rocers, J. Speep, Huppert, THreopore H., Anp 
Byers, C. Francis. Man and the Biological 
World. New York: McGraw-Hill Book Com- 
pany, 1952. 690 P. $5.75. 


This is the second edition of a survey text in 
biology. Man’s place in the living world is em- 
phasized. Basic principles that apply to the world 
of living things and that help us to better under- 
stand ourselves and the world we live in is the 
chief concern of the text. The book has been 
written in an appealing style, the photographs and 
illustrations are well selected, and the content 
seems to be quite appropriate. Altogether it 
would seem to one of the best biology survey 
texts available. 


Wistar, RicHarp, Man and His Physical Uni- 
verse. New York: John Wiley and Sons, Inc., 
1953. 488 P. $4.75. 


Man and His Physical Universe is a textbook 
for a college course in general education. It 
aims “at providing its students with an under- 
standing of the ideas and concepts of science that 
help to make man’s life more comfortable and 
comprehensible.” A special effort has been made 
to integrate physics, chemistry, geology, and as- 
tronomy in a way that non-science majors can 
understand their interrelation. Factual material 
is presented first, followed by the theoretical. 

The textual material is divided into six major 
units subdivided into a number of chapters. Each 
chapter closes with a summary and a series of 
questions. There are nearly 300 illustrations 
supplementing the textual material. The amount 
of textual material is considerably less than that 
found in many similar books in the field. In one 
sense no attempt has been made to exhaust the 
field, yet the different number of topics selected 
may be even larger than usual. 

Dr. Wistar is a professor of chemistry at Mills 
College, Oakland, California where he has taught 
general physical science since 1936. 


KraAuskopr, Konrap Bates. Fundamentals of 
Physical Science. New York: McGraw-Hill 
Book Company, 1953. 694 P. $6.00. 


This is the third edition of a college text in 
physical science, first published in 1941. The 
earlier editions have been widely used and ac- 
cepted as giving students a rather thorough 
grounding in physical science principles. In many 
ways this book is an excellent answer to those 
individuals maintaining that survey or general 
education courses are superficial and shallow. It 
cannot be maintained that this book is a glorified 
high school text. Comparison of content of Fund- 
amentals of Physical Science with content of 
introductory courses in geology, astronomy, phys- 
ics, and chemistry will show this book to be of 
comparable difficulty. 

New sections have been added to this edition, 


some sections revised, and new illustrations added. 


An important innovation is the use of smaller 
type for sections and paragraphs which are not 
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essential to the continuity of the subject matter. 
This makes for greater selectivity in subject 
matter. 

This text will not only serve excellently as a 
textbook for physical science in general education 
but it is an excellent reference and resource book 
for secondary teachers of general science, physics, 
and chemistry. 


Wuatey, W. Gorvon, BreLAnp, Osmonp P,, 
HetmscuH, CHARLES, PHELPS, AUSTIN, AND 
RaAsBipEAU, GLENN S. Principles of Biology, 
New York: Harper and Brothers, 1954. 694 P. 
$6.00. 


Principles of Biology is the result of eight 
years of experimentation by the biological science 
departments of the University of Texas. The 
authors include two zoologists, two botanists, and 
one physiologist. The text is designed to meet 
the needs of both the students who are going 
directly into advanced courses and for students 
who take only the one course. More than eight 
thousand students have taken the course. 

Early emphasis in the text is on higher plants 
and man. Plant and animal materials are con- 
sidered together. There are some 316 illustra- 
tions, many of them new. 

Altogether this seems to be a very complete, 
readable text in biology. It will serve excel- 
lently as a general reference for teachers in ele- 
mentary science and high school biology and for 
others desiring a new, up-to-date college text 
reference. 


Lee, Apprson, E. AND Osmonp P. Lab- 
oratory Studies in Biology. New York: 
Harper and Brothers. 1954. 253 P. $3.50. 


While developed for use with the Harper’s text 
on Principles of Biology, this college laboratory 
manual may be used in any first course in biology. 
The fetal pig rather than the customary frog is 
used to represent higher type animals. 


HarsouGu, M. J. Anp Goopricu, A. L. (Edi- 
tors). Fundamentals of Biology. New York: 
The Blakiston Company, 1953. 611 P. $6.00. 


This text is based on an eight-semester course 
in general biology taught at Kansas State College 
by the authors, assisted by six other professors 
in the department who were contributors to the 
course. Four basic considerations guided the 
authors in preparing this text: (1) The course 
should emphasize basic principles rather than 
non-essential details; (2) The unity of life should 
be stressed; (3) The basic manifestations of life 
are portrayed in the most clear-cut perspective in 
their physiologic or functional activities; and (4) 
The position occupied by man in the world of life 
should be stressed. 

The nineteen chapters seem to cover the fields 
of plant, animal, and human biology quite ade- 
quately. The social implications of biology re- 
ceive minor stress. Considerable attention is paid 
to diseases, heredity evolution, and conservation. 
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Students using this text should obtain a very 
thorough grounding in the fundamentals of biol- 
ogy. The book will serve not only most ade- 
quately as the main text but also as an excellent 
reference or resource material for high school 
biology and general science teachers. 


STRAUSBAUGH, Perry D. AND WEIMER, BERNAL 
R. General Biology. New York: John Wiley 
and Sons, Inc. 1952. 813 P. $6.00. 


This is the third edition of a survey textbook 
in biology first published in 1938. The authors 
attempt to present a logical integration of bio- 
logical facts, making possible the treatment of 
life as a unified concept. Plants and animals are 
treated simultaneously as living things carrying 
on the same general life functions. The complete- 
ness and comprehensiveness of the material per- 
mits of a wider selection of content for class 
emphasis. The previous editions of the text have 
been extensively used and this third edition will 
likely bring added adherents. 


Mavor, JAMes Watt. General Biology. New 
York: The Macmillan Company, 1952. 875 P. 
$5.75. 


This is the fourth edition of a text in biology 
first published in 1936. The main purpose is to 
state simply and clearly the main facts and prin- 
ciples on which a sound and teachable course in 
biology can be based. An attempt has been made 
to get a good balance between botanical and 
zoological portions. Emphasis is placed on sci- 
entific method and the development of logical 
thinking in the student. Earlier editions have had 
extensive usage and this fourth edition will 
probably gain a number of new adherents. 


Mavor, James Watt. Laboratory Exercises in 
General Biology. New York: The Macmillan 
Company, 1952. 333 P. $3.50. 


This is the fourth edition of a popular labora- 
tory manual first published in 1936. It is de- 
signed to accompany the author’s text General 
Biology. A definite schedule is proposed both 
for the text and the manual. 


GArpINER, Mary S. The Principles of General 
Biology. New York: The Macmillan Com- 
pany, 1952. 657 P. $5.25. 


The Principles of General Biology is based on 
more than twenty years of experience in teaching 
biology to college students. It presents the prin- 
ciples that underlie biological thought and method 
and gives a general picture of biology both for the 
general student as well as the biology major. 
The treatment is most thorough and comprehen- 
sive as the text material is in smaller than usual 
type. There are nearly 400 illustrations. The 
four major parts (divided into twenty-six chap- 
ters) are: (1) the organization of the natural 
world, (2) the organization of biological systems, 
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(3) the operation of biological systems, and (4) 
the evolution of biological systems. 


Wetsz, Paut B. Biology. New York: McGraw- 
Hill Book Company, 1954. 679 P. $6.50. 


A key innovation in this text in college biology 
is the horizontal and vertical organization of the 
subject matter. The whole field of biology is 
developed out of four basic concepts : environment, 
living substance, metabolism, and self-perpetua- 
tion. Within this horizontal framework every 
biological phenomenon falls easily and automati- 
cally into its appropriate wider setting. Thus the 
reader is enabled to perceive clearly how each 
aspect of biology is dynamically related with all 
other aspects. 

Vertically, the material is organized into un- 
folding levels of complexity: each level is a self- 
contained unit and from one level to the next, 
detail and depth increase progressively. What is 
a chapter-section on the first level becomes a 
whole chapter on the second.level and a whole 
group of chapters on the third level. Thus the 
reader is led forward gradually and has a real 
chance to learn as he goes along. 

The literary style is narrative, lucid, most read- 
able and the abundant illustrations are very good. 
The general appearance of the book is most pleas- 
ing both in quality of paper, appealing illustra- 
tions, nature of the subject matter, and over-all 
literary style. The book gives every indication 
of having great appeal for both students and 
teachers. 


Smiru, M., EpwaArp M., Bryan, 
Georce S., Evans, RicHarp I. AND STAUFFER, 
Joun F. A Textbook of General Botany. 
New York: The Macmillan Company, 1953. 
606 P. $6.25. 

This fifth edition of a book first published in 
1924, has brought the textual material up to date. 
A number of changes in arrangement have been 
made, some new material added, and some out-of- 
date material deleted. 

Through the years the book has proved to be 
quite popular with students taking their beginning 
course in college botany. 

This book would serve as a very good reference 
for high school biology teachers. 


Brose, L. J. F., S., AND Bonp, G. 
Intermediate Botany. New York: The Mac- 
millan Company, 1953. 505 P. 


This is the fourth edition of an English book 
first published in 1936. The textual material has 
been entirely revised and rewritten. Naturally 
examples of plants used for illustrations are na- 
tive to the British Isles and are sometimes un- 
common to Americans. The literary style is 
somewhat different, too, from that of the usual 
American botany textbook. However, this book 
should be of much interest to American botany 
teachers both because of a different approach to 
the teaching of botany and the illustrations used. 
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In general treatment, the major topics considered 
are quite similar to those found in American 
textbooks. 


Bisset, K. A. Bacteria. Baltimore: The Wil- 
liams and Wilkins Company, 1952. 123 P. 


Bacteria is a natural history of bacteria. 
Morphological, biochemical, and _ ecological 
characteristics are emphasized. It seems to be 
an excellent book for learning fundamentals of 
the natural history of bacteria. 


Opum, Eucene P. Fundamentals of Ecology. 
Philadelphia: W. B. Saunders Company, 1953. 
383 P. 


Ecology is a relatively new phase of biology, 
making its first appearance about 1900. The 
subject has been presented through a variety of 
approaches. The author has used at least four 
different approaches in his own teaching. He 
has found a combination of two approaches as 
used in this text most effective. There are a 
“principles approach” and an “environmental 
approach.” Broad principles and concepts are 
emphasized. Life as it exists in major environ- 
ments such as oceans, fresh water, and land is 
discussed at some length. 

Altogether this is an interestingly written, well 
illustrated textbook. It should be a stimulating 
text for students to use and for teachers to teach. 
Dr. Odum is a professor at the University of 
Georgia, Athens, Georgia. 


Brown, WERNER. Bacterial Genetics. Philadel- 
phia: W. B. Saunders Company, 1953. 238 P. 


Bacterial genetics is gaining in importance in 
basic and applied research. This book presents 
the more important findings and principles in bac- 
terial genetics. The book will be of interest and 
value to students in bacteriology as well as stu- 
dents in genetics. 


Hovanitz, Textbook of Genetics. 
New York: Elsevier Press, 1953. 419 P. $5.95. 


Genetics is an important and quite popular area 
of study, yet in a sense quite specialized. This 
book emphasizes genetics in all of its aspects 
rather than an intense study of human genetics 
as many texts do. Among-many interesting sec- 
tions are those on linkage and chromosome be- 
havior, chromosome structure, mitosis and meiosis, 
plant and animal improvement, population gen- 
etics, and so on. There is an entire chapter on 
probability as related to genetics. There are 49 
tables and 266 photographs and diagrams. 


Exuiotr, ALFreD M. Zoology. New York: Ap- 
pleton-Century, and Crofts, Inc. 1952. 719 P. 
$6.00. 


Based upon more than twenty years of teaching 
zoology, the author has come to the conclusion 
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that students need more than anything else, a 
broad underlying principle to cling to in order to 
understand the life sciences. In biology it is the 
story of organic evolution. It is the great unify- 
ing principle. Thus organic evolution is the 
central theme of this most comprehensive treat- 
ment of zoology. Altogether it is a well written, 
adequately illustrated text that should have wide 
usage for a long time to come. 


Carter, G. S. A General Zoology of the In- 
vertebrates. New York: The Macmillan Com- 
pany, 1952. 509 P. $5.75. 


Americans will be interested in this book by a 
Lecturer in the University of Cambridge intended 
not so much as a textbook as a reader for first 
and second year college students. There is a 
foreword by Julian S. Huxley. The book has 
proven quite popular in England. 


De Beer, G. R. Vertebrate Zoology. New York: 
The Macmillan Company, 1953. 435 P. $5.50. 


This is a revision of a college textbook in 
zoology first published in 1928. Textual material 
has been brought up to date. The general plan 
of teaching is a combination of the methods of 
presentation of types, of comparative treatment of 
organ—systems, and of the historical sequence of 
evaluation of vertebrate animals. The author is 
Director of the British Museum of Natural His- 
tory. 


Moment, GARDINER B. AND Crouse, HELEN V. 
Foundation of Biology. New York: Appleton- 
Century-Crofts, Inc. 1953. 282 P. $2.50. 


This is a handbook and laboratory manual for 
college biology students. There are forty units, 
the descriptive material being placed at the be- 
ginning and the corresponding worksheets at the 
rear. Both descriptive parts and the worksheets 
may be detached. 


Leacu, W. JAmes. Functional Anatomy of the 
Mammal. New York: McGraw-Hill Book 
Company, 1952. 276 P. $4.50. 


This is the second edition of a text which pre- 
sents the essential elementary features of the 
anatomy of mammals. This is done from the 
standpoint of the functional organization of parts 
in relation to each other and in relation to the 
body as a living unit. 


Topp, JAMES CAMPBELL, SANForD, AkTHUR Haw- 
LEY, AND WELLS, BENJAMIN B. Clinical Diag- 
nosis by Laboratory Methods. Philadelphia: 
W. B. Saunders Company, 1953. 998 P. $8.50. 


This is the twelfth edition of a book first pub- 
lished in 1908. The material has been brought 
up to date but is by no means a complete revi- 
sion as was the previous edition. It has been a 
very popular manual in clinical pathology for 
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nearly half a century. It is an interesting book 
for science teachers to read even when it is not 
used as a laboratory manual. There are 946 
illustrations, 197 in color. 


BrELAND, Osmonp P. Manual of Comparative 
Anatomy. New York: McGraw-Hill Book 
Company, 1953. 256 P. $4.50. 


This is the second edition of a manual de- 
signed for a year’s course in college compara- 
tive vertebrate anatomy. 


McCune, L. S. General Bacteriology Labora- 
tory Manual. Philadelphia: W. B. Saunders 
Company, 1952. 134 P. 


This is the second edition of a laboratory 
manual first published in 1952. It may be used 
with any textbook. The development of labora- 
tory techniques receives major emphasis. 


Pevtier, Georce L., GeorciA, Cart E. anp Linp- 
GREN, LAwreNnce F. Laboratory Manual for 
General Bacteriology. New York: John Wiley 
and Sons, Inc. 293 P. $3.50. 


This is the fourth edition of a manual first 
published in 1938. It is designed to accompany 
any general textbook in bacteriology. Altogether 
it seems to be quite comprehensive and most 
adequate for the usual course in college bac- 
teriology. 


Wermer, Bernat R. AND Core, Eart L. A New 
Manual for the Biology Laboratory. New 
York: John Wiley & Sons, Inc. 1952. 333 P. 
$3.50. 


This is the second edition of a college biology 
laboratory manual first published in 1940. Both 
animal and plant phases seem to be adequately 
covered. It is adapted to cover most any general 
textbook in biology. 


Batt, Ertc G. Biochemical Preparations Volume 
2. New York: John Wiley & Sons, Inc. 109 P. 
$3.00. 


Detailed descriptions of the preparation of many 
biochemical materials having important uses in 
the laboratory and in research are presented in 
this treatise. 


Patrerson, J. T. anv Stone, W. S. Evolution 
in the Genus Drosophila. New York: The 
Macmillan Company, 1952. 610 P. $8.50. 


This book gives pertinent details of evolution 
of one of the most successful insect genera, the 
genus Drosophila. Altogether it is a compre- 
hensive analysis and synthesis of the facts now 
known about Drosophila encompassing as it does 
much both in the fields of evolution and heredity. 
Numerous charts, tables, and references accom- 
pany the textual material. 
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Fenton, F. A. Field Crop Insects. New York: 
The Macmillan Company, 1952. 405 P. $5.75. 


Field Crop Insects is designed as a text to be 
used by students in agriculture. A _ functional 
approach is emphasized and in general it is non- 
technical in nature. The classification used is 
based upon the method of attack on the crop or 
the part of the plant injured. The author be- 
lieves that agriculture students should first have 
a thorough understanding of the basic principles 
underlying the protection of crops from insect 
attack. The study of the characteristics and 
control of specific insects should then follow. 

Biology teachers might well use this approach 
in their study of insects. Altogether the book 
seems to be quite adequate, well-written, suffi- 
ciently illustrated, with numerous references to 
current literature. 


WICHTERMAN, The Biology of Para- 
mecium. New York (575 Madison Avenue) : 
The Blakiston Company, Inc. 1953. 527 P. 


$9.00. 


This is the most comprehensive treatment and 
coverage of the biology of paramecium ever 
printed. It is based on the author’s twenty years 
of painstaking research on paramecium and on 
over 2,000 written articles dating from 1674 to 
1952. The latter are listed in the bibliography. 
There are 141 illustrations. 


Maurice. Parasitism and Symbiosis. 
London: Sidgwick and Jackson Limited (Dis- 
tributed by the Macmillan Company, New 
York). 1952. 340 P. $5.50. 


Parasitism is treated from the point of view of 
general biology. More attention is paid to ani- 
mal than plant parasitism. Commensalism, par- 
asitism, and symbiosis are man-made categories 
which in nature are not discontinuous but are 
really different aspects of the same general laws. 
American readers will greatly appreciate this 
important contribution to the study of biology. 


Conant, James Bryant (Editor). Pasteur’s 
and Tyndall’s Study of Spontaneous Genera- 
tion. Cambridge, Massachusetts: Harvard Uni- 
versity Press, 1953. 61 P. 


This is Case 7 of the Harvard Case Histories in 
Experimetnal Science designed primarily for use 
in courses in physical science in general educa- 
tion for students majoring in the humanities or 
the social studies. The six previous case studies 
have been: Robert Boyles Experiments in Pneu- 
matics, The Overthrow of the Phlogiston Theory: 
The Chemical Revolution of 1775-1789, The 
Early Development of the Concepts of Tempera- 
ture and Heat: The Rise and Decline of the 
Caloric Theory, The Atomic-Molecular Theory, 
Plants and the Atmosphere, and Pasteur’s Study 
of Fermentation. 

In the present treatise, as in the previous ones, 
the approach is historical and makes use of ex- 
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tensive translations of the original treatises in the 
case of Pasteur. 

The studies of Pasteur and Tyndall on spon- 
taneous generation constitute one of the most 
significant studies made in science. They are 
most readable and interesting. 


Hoerr, Normonp L. Anp Osot, ArtHur (Edi- 
tors). Blakiston’s Illustrated Pocket Medical 
Dictionary. New York (575 Madison Avenue) : 
The Blakiston Company, 1952. 1032 P. $3.75. 


Full, unabridged definitions of over 33,000 med- 
ical terms are included in this up-to-date dic- 
tionary. There are 60 illustrations, 15 in color, 
8 in full color. These are grouped together in a 
twenty-four page section at the end of the book. 
They provide very valuable anatomical material. 
Biology teachers, public health workers, physical 
education teachers, social workers, lawyers, 
nurses, dentists, dieticians, and pharmacists will 
find this dictionary especially useful. 


American Pocket Mepicat Dictionary. Phil- 
adelphia: W. B. Saunders Company, 1953. 639 
P. 33/5. 


This is the nineteenth edition of a dictionary of 
the principal terms used in medicine, nursing, phar- 
macy, dentistry, veterinary science, and allied bio- 
logical subject. There is a thumb-index. The 
dictionary includes more than definition of terms. 
Numerous tables are interspersed throughout. 


KrocpaAHL, Wastey S. The Astronomical Uni- 
verse. New York: The Macmillan Company, 
1952. 599 P. $6.25. 


The Astronomical Universe is a college text 
in introductory astronomy. It is specifically 
written for those general students who elect a 
course in astronomy to meet science require- 
ments. 

Altogether the book is well written and well 
illustrated. There are 275 illustrations, many of 
which are excellent photographs. At the rear 
are six star maps in blue showing the constella- 
tions at various times of the year. 

The subject matter is up-to-date and this time- 
liness adds much to the usefulness of the book. 
The newer theories of the origin and age of the 
solar system and even the universe itself are 
considered. In the state of flux regarding these 
four considerations that astronomers now find 
themselves, no definite conclusions can now be 
drawn, 

The once popularly and widely held planetes- 
imal theory of Chamberlain and Moulton has been 
more or less abandoned, but none of the newer 
theories is much better off. We do feel reason- 
ably certain that the universe and solar system 
do exist, that they had a beginning, and are 
now undergoing changes. 

General science teachers, elementary science 
teachers, and lay readers will find this an excel- 
lent reference. 
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Ricwarps, Horace G. Record of the Rocks. 
New York: The Ronald Press Company, 1953. 
413 P. $6.00. 


Record of the Rocks is the geological story of 
eastern North America. This is an unusually 
fine book as to literary style, wealth of illustra- 
tions, and selection of content. There are 294 
illustrations and 17 charts. While attention is 
centered upon the geology of eastern North 
America many references are made to the geol- 
ogy of western North America and to the world 
at large. The author presents the historical geol- 
ogy of each period from pre-Cambrian to the 
recent including brief but interesting discussion 
of earth origin and a more detailed discussion of 
the glacial period. 

The book will serve excellently as a text in 
historical geology and as a reference for laymen, 
public school science teachers, and geologists. In 
general it is not unduly technical for elementary 
science and general science teachers. 


Dopson, Epwarp O. A Textbook of Evolution. 
Philadelphia: W. B. Saunders Company, 1952. 


It is claimed that this is the first really new 
textbook in evolution in sixteen years. The book 
is organized into five sections, the first serving 
to define the subject of evolution. The last sec- 
tion summarizes what has gone before and quotes 
some predictions for the future of the organic 
world and of man. It discusses the leading stu- 
dents of evolution today, the two main problems 
of evolution, the possible rise of living things, 
the origin of sex, the present status of evolution, 
etc. 

Altogether the book presents the facts and 
states the case for evolution quite convincingly. 
On the other hand a number of leading biologists 
probably dissent quite vigorously with the inter- 
pretations made and the conclusions drawn. 


Moore, Raymonp C., LaAuicker, Ceci. G., AND 
FiscHer, Atrrep G. Invertebrate Fossils. New 
York: McGraw-Hill Book Company, 1952. 
766 P. $12.00. 


Invertebrate Fossils is a text for beginning 
students in invertebrate paleontology and strati- 
graphic paleontology. It is organized on a bio- 
logical basis although the representative genera 
illustrated for each group are arranged in strati- 
graphic sequence. Seemingly thousands of illus- 
trations are included. One rarely runs across a 
more comprehensive, more numerously illustrated 
textbook in a beginning course in science. Any- 
one even approaching a mastery of this text would 
have a pretty good knowledge of invertebrate 
fossils and their stratigraphic sequence. 


HorrMan, GeorGe W, (Editor). Geography of 
Europe. New York: The Ronald Press, 1953. 
775 P. $7.50. 

Ten authors, authorities in their respective 
areas, combined to produce this latest college 
textbook on the geography of Europe. A definite 
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attempt was made to secure integration among 
the contributions rather than to a collection of 
ten essays by ten different writers. Naturally 
the access of information made for certainty of 
facts about the countries of Western Europe 
whereas specific, accurate information about coun- 
tries of eastern Europe was much more difficult 
to obtain. Seventy-six pages are devoted to Eu- 
ropean U.S.S.R. 

This is probably the best, most up-to-date book 
on the geography of present-day Europe now 
available. It is well-written in a most readable 
literary style, and probably as accurate as is pos- 
sible to write. Statistics and information have 
been rigidly checked for accuracy. There are 
numerous black-and-white maps and many photo- 
graphs, charts, and statistical tables. 


Rosrnson, ArtHur H. Elements of Cartog- 
raphy. New York: John Wiley and Sons, Inc. 
1953. 254 P. $7.00. 


Maps are indispensable tools. The science and 
art of making maps (for it is both) is called car- 
tography. It calls for the abilities of a geographer, 
a mathematician, and an artist. From the geog- 
rapher comes the fundamental knowledge about 
the earth’s surface; from art comes principles of 
presentation; and from the mathematician come 
methods and principles of accuracy. 

This book traces briefly the history and uses of 
early map-making. Most of the book is devoted 
to the techniques of cartography. All aspects of 
cartography are covered including coordinates, 
projections, materials needed, map design, map 
lettering, symbolization, and so on. The textual 
material is abundantly illustrated. 

Altogether this is an excellent book for all 
geographers and users of maps. 


Batcuin, W. G. U. anp Ricuarps, A. W. Prac- 
tical and Experimental Geography. New York: 
John Wiley & Sons, Inc. 1952. 136 P. $2.75. 


This original and ingenious book brings to- 
gether in a comprehensive way practical and ex- 
perimental work of value to those engaged in 
teaching geography. Much of the material is 
original with the authors. The work is well- 
illustrated with drawings (over 70) and models. 

Section one deals with earth movements, sec- 
tion two with practical work in the study of 
landforms, section three with the study of the 
atmosphere and oceans, section four covers prac- 
tical work in survey and map projections, and 
section five outlines the principles involved in the 
construction of distribution maps and cartograms. 
Altogether this seems to be an unusually fine 
book for college and high school teachers of 
geography. Many of the models and illustrations 
could be used most effectively by teachers in 
general science and physical science survey 
courses. 

Mr. Balchin is a Lecturer in Geography in the 
University of London, Kings College and Mr. 
Richards is Senior Geography Master at Farn- 
borough Grammar School. 
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VAN VALKENBURG, SAMUEL AND HELp, CoLBert 
C. Europe. New York: John Wiley & Sons, 
Inc: 1952. 286 P. $7.50. 


Europe is the second edition of a text first 
published in 1935 by Van Valkenburg and the 
late Ellsworth Huntington. Such a text as this 
on postwar Europe has been long overdue and 
is most timely. More than eighty per cent of 
the present material is new or revised. 

The authors visited all countries this side of 
the Iron Curtain except two. Van Valkenburg is 
especially suited for writing this book. Born in 
the Netherlands and educated in Europe, long 
years of experience teaching Geography in Clark 
University and more recent postwar research and 
study in Europe gives him a background on Eu- 
ropean geography probably possessed by no other 
American geographer. 

Europe should serve excellently as a text for 
a basic course or as an authoritative general 
reference on the countries of Europe including 
the Soviet Republics. Naturally the information 
on Russia is less reliable than that on other 
European countries. 


Hoarp, F. E. anp Marrow, A. W. The Cabinet- 
maker's Treasury. New York: The Macmil- 
lan Company, 1952. 267 P. $6.00. 

The Cabinetmaker’s Treasury is a_ practical 
guide to the reproduction of fine period furniture. 
It is especially designed to serve equally well the 
home-workshop enthusiast and the expert crafts- 
men. There are more than 100 full-page working 
illustrations. It seems to be an unusually fine 


book in its field. 


STANILAND, L. N. The Principles of Line Illus- 
tration. Cambridge, Massachusetts: Harvard 
University Press, 1953. 212 P. $5.00. 

This book deals with the illustrations of sci- 
entific papers and books by line drawings. Other 
and more costly methods of illustration are not 
considered. Emphasis is placed on the variety of 
aids which are available to help the draughtsman 
produce an accurate drawing. There are some 
160 illustrations in black and white. The work is 
based on some thirty years experience of the 
author as a biologist and artist. 


Symposium. Assuring Public Safety in Con- 
tinental Weapon Tests. Washington, D. C.: 
United States Government Printing Office, 
1953. 210 P. $0.50. 

This is a publication of the United States 
Atomic Energy Commission. Part One describes 
the major activities in atomic energy programs, 
July-December, 1952. A wide variety of infor- 
mation is given here such as raw materials, com- 
munity operations, biology and medicine, and in- 
formation on atomic energy. Part two is a con- 
densed financial report. Part three discusses 
public safety in continental weapons tests. This 
part will be of most interest to teachers of sci- 
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ence. It discusses effects of weapons tests, pre- 
test precautions, the radiation monitoring system, 
and fall-out and public health. 

Much of the information is of great value and 
interest to civilians and more especially to sci- 
ence teachers. Dr. Gordon Dunning with the 
AEC and a member of NARST did the part 
on evaluation of the radiological data. 


STEWART-REMINGTON, JOHN AND FRANCIS, WIL- 
FrRiD. The Composition and Assaying of Min- 
erals. New York: (15 East 40th Street) : 
The Philosophical Library, Inc., 1953. 127 P. 
$5.50. 


This book relates primarily to the chemical com- 
position of minerals, with the object of providing 
a handy guide to their qualitative and quantitative 
examination. It is suitable for use by mineralo- 
gists, metallurgists, geologists, chemists, and stu- 
dents in schools, technical colleges, and universi- 
ties. 


Anonymous. Welding Aluminum. Louisville, 
Kentucky: Reynolds Metals Company, 1953. 
183 P. 


This is most complete, authoritative book pub- 
lished relating to welding, brazing, and soldering 
aluminum. Thirty-four processes are described. 
There are numerous tables and illustrations. 


THe ABC’s or ALtumiInuM. Louisville, Ken- 
tucky: Reynolds Metals Company, 1953. 32 P. 
Free. 


Aluminum was once the prize of King Napo- 
leon IIL who at banquets provided his most 
honored guest with sets of aluminum forks and 
spoons while his lesser guest had gold and silver 
service. Aluminum then cost $545.00 a pound. 
In 1885 the price was $11.13 a pound. In 1892 the 
price was $0.23 a pound, with a low of $0.14 a 
pound in 1942. 

This interesting booklet tells about the dis- 
covery of aluminum, its properties, how it is made, 
why it is so extensively used, and how it is being 
used today. 


Haynes, Wittiam. Cellulose: The Chemical 
That Grows. Garden City, New York: Double- 
day and Company, Inc. 386 P. $4.00. 


Cellulose is the great chemurgic crop—that is, 
a crop grown for industrial use, not for food. 
It is now one of the most important, most versa- 
tile raw materials. In 1952 we Americans con- 
sumed over 85,000,000 tons of cellulose. This is 
almost as many tons as we use of steel and ten 
times as much as we consume of both aluminum 
and copper. It might be said the above consump- 
tion does not take into consideration at all the 
cellulose made use of in food by man and beast. 
Unlike our great mineral resources whose supply 
is fixed, there is an abundance of cellulose all 
over the world—there are very few have-not- 
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cellulose nations. Cellulose in the form of wood 
was probably man’s first weapon, first tool, and 
first fuel. 

Cellulose notwithstanding all of the study de- 
voted to determining its exact chemical structure 
remains an exceedingly complex substance to 
modern chemical experts. While it is true we 
have learned much about its structure and char- 
acteristics, extensive and intensive research is 
still going on. 

Cellulose is a book designed for the layman. 
Technical terms have almost been eliminated. 
However, the growth of man’s knowledge and 
uses of cellulose makes one of the finest stories 
of the development of a great industry. Cellulose 
promises to be increasingly important in our econ- 
omy. Chemical cellulose products have replaced 
so many of our natural products and this may well 
be only the beginning. 

At the beginning of the book is a quite complete 
cellulose chronology and at the close in the ap- 
pendices are a number of charts with interesting 
statistical and technical data, and a _ cellulose 
glossary. 

Altogether this is one of the finest stories of 
applied chemistry that has been written for the 
layman. There have not been too many such 
books in recent years. The book has been care- 
fully checked for scientific accuracy as well as 
readability. The author is a well known writer of 
popular books in chemistry. Many recall his 
American Chemical Industry: A History; Men, 
Money, and Molecules; and The Chemical Age. 
The reviewer considers this the best of this 
group. It is an excellent book for high school 
chemistry teachers and students, teachers at al! 
levels, as well as laymen. 


Bocert, L. Jean. Fundamentals of Chemistry. 
—_ W. B. Saunders, 1953. 648 P. 
50. 


This is the seventh edition of a book first pub- 
lished in 1924. Much new material has been 
added to this revision. The emphasis is on prin- 
ciples of chemistry rather than the learning of 
facts. There are 168 illustrations. 


Routu, JoserH I. Fundamentals of Inorganic, 
Organic and Biological Chemistry; Laboratory 
Manual of Chemistry. Philadelphia: W. B. 
Saunders Company, 1954. 418 P. and 109 P. 


This is the third edition of a college chemistry 
text and its accompanying laboratory manual. 
The book would seem a most teachable text for 
classes of nurses and students of biochemistry. 


DeminG, Horace G. General Chemistry. New 
York: John Wiley & Sons, Inc. 1952. 656 P. 
$5.75. 


This is the sixth edition of a text first pub- 
lished in 1923. Practical applications of chemistry 
are emphasized. Certain chapters are starred 
indicating they are descriptive chemistry, illus- 
trating principles and theories developed in pre- 
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ceding chapters. Chapters may be taken up in 
varying sequence with little confusion to the stu- 
dent. Excellent summaries are found at the end 
of chapters. 


Sister, Harry H., VANDERWERF, CALVIN A., AND 
Davipson, ArtHuR W. College Chemistry: 
A Systematic Approach. New York: The 
Macmillan Company, 1953. 623 P. $5.50. 


This is a new and condensed college text al- 
though somewhat similar to the author’s earlier 
General Chemistry: A Systematic Approach. It 
is intended for students who plan to pursue 
farther courses in college chemistry. Students 
using this book should get a thorough grounding 
in fundamentals that should greatly facilitate their 
subsequent courses in chemistry. 


HiLpEBRAND, Jor. H. anp RicHarp E, 
Principles of Chemistry. New York: The Mac- 
millan Company, 1952. 444 P. $4.50. 


This is the sixth edition of a text first pub- 
lished in 1918. Changes have been made in 
pedagogic approach and in keeping abreast of the 
times in the rapidly advancing field of chemistry. 
Great have been the changes made since the first 
edition thirty-four years ago. Emphasis is laid 
on principles rather than descriptive matter. 


DAMERELL, V. R. A Course in College Chemis- 


try. New York: The Macmillan Company, 
1952. 587 P. $5.50. 


This book has been written for beginning col- 
lege chemistry courses which are made up largely 
or entirely of nonchemists—nonscience majors. 
This course will be a terminal course in chem- 
istry for most of the students taking it. The 
author lists the following aims for the course: (1) 
to teach the nonchemist a little about the method 
of science, the periodic classification of the ele- 
ments and enough basic chemistry to be able 
later (2) to give the students at least an intro- 
duction to the chemistry of daily life, enabling 
him in some degree to avoid chemical blunders 
at home and work, and to understand something of 
the fundamental chemistry of nature. Conse- 
quently this text is much more brief than most 
college chemistry texts and there is a vast differ- 
ence in the emphasis placed on different topics. 


DameretL, V. R. Laboratory Experiments in 
College Chemistry. New York: The Macmil- 
lan Company, 1952. 124 P. $1.75. 


This is a fill-in blank, detachable-page type of 
iaboratory manual designed to accompany the 
author’s A Course in College Chemistry. 


Mysers, Karo: J. anp CopeLANpD, CHARLES 
Introduction to the Science of Chemistry. Bos- 
ton: Ginn and Company, 1952. 521 P. $4.75. 


The organization of material in this book may 
appear unconventional to many teachers of chem- 
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istry. Physical changes are introduced early and 
are somewhat grouped together whereas chemical 
changes are introduced relatively late. Students 
progress from the simple to the complex—first 
to ionic solutions, than atomic structure, bonding, 
organic compounds, and industrial applications. 
Historical material is almost entirely omitted as 
not contributory to the main line of argument. 
Strong emphasis is placed throughout on the 
concept of equilibrium and Le Chatelier’s princi- 
ple. 

Many teachers will undoubtedly like the new 
organization and many others will violently dis- 
agree. Classroom results will be the crucial test 
as to the desirability of the new departure. 


Mysets, Karo: J. anp CopeLanp, CHARLEs 
Laboratory Manual. Boston: Ginn and Com- 
pany, 1952. Unpaged. $1.50. 


This is a college laboratory manual designed to 
accompany the author’s Jntroduction to the Sci- 
ence of Chemistry. The authors use a somewhat 
different approach to the teaching of first year 
college chemistry. More emphasis is placed on 
the quantitative aspects. 


SANnvERSON, R. T. Introduction to Chemistry. 
New York: John Wiley and Sons, Inc., 1954. 
542 P. $5.50. 


In the preface the author says “This book is 
long on explanations and short on purely descrip- 
tive chemistry. . . . My own other reason is the 
conviction that (1) learning is made unneces- 
sarily difficult by a textbook which contains far 
more information than any one can be expected 
to assimilate and (2) true learning is composed 
of both memorization and of understanding, the 
former being greatly aided by the latter. What 
I have tried to do in this book is to give only the 
most essential information, and explain it as 
thoroughly and simply as possible.” 

The result is a different college text, well- 
written and better-than-usual illustrated. It is 
refreshing to have so different a book and one 
that gives every promise of being a most teach- 
able book. It is a book that should have more 
than usual pupil appeal. 


SHERMAN, Henry C. Chemistry of Food and 
Nutrition. New York: The Macmillan Com- 
pany, 1952. 721 P. $6.00. 


This is the eighth edition of a textbook first 
published in 1911. In this new edition, every 
chapter has been revised, many entirely rewritten, 
and a new one on folic acid, vitamin Bis added. 
Undoubtedly over a long period of years this is 
the most popular and widely used book in the 
field of food chemistry and nutrition. The re- 
viewer can attest to its teachability both as a stu- 
dent and as a teacher using the text. This new 
edition retains the high standards of accuracy 
and teachability of the earlier editions. It also 
serves excellently as a reference book. 
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Peterson, H. ANp SrronG, F. M. 
General Biochemistry. New York: Prentice- 
Hall, Inc., 1953. 469 P. $6.50. 


Essentials of biochemistry in animals, plants, 
and microorganisms are covered in this compre- 
hensive text. Written in a simple style, as non- 
technical as possible, the book gives a broad 
insight into the fundamentals of biochemistry as 
a whole. A considerable portion of the book 
can be read by persons with a minimum knowl- 
edge of chemistry. There are a number of inter- 
esting charts. 

Altogether this seems to be a very good text 
in biochemistry and should prove to be a most 
teachable book and quite interesting to the stu- 
dent. 


Brewster, Ray Q. Organic Chemistry. New 
York: Prentice-Hall, Inc., 1953. 855 P. $7.00. 


This is the second edition of a book first pub- 
lished in 1948. Electronic and resonance the- 
ories of organic chemistry are emphasized. The 
author of this most comprehensive organic chem- 
istry text is professor of chemistry at the Uni- 
versity of Kansas. 


Porter, C. W. anv Stewart, T. D. The Essen- 
tials of Organic Chemistry. Boston: Ginn and 
Company, 1953. 394 P. $5.00. 


This revised edition of The Essentials of Or- 
ganic Chemistry is suitable for a one semester 
course. It is concise, complete, teachable. It 
can readily be used either for a terminal course 
or as an introductory course preceding a second 
semester of organic chemistry. 


RicHTer, GeorGeE Hotmes. Textbook of Organic 
Chemistry. New York: John Wiley and Sons, 
Inc. 1952. 762 P. $6.75. 


This third edition was first published in 1938. 
Basic fundamentals of nomenclature, theories, 
synthesis, and reactions are given intensive treat- 
ment. Newer ideas and discoveries are brought 
up-to-date in this new revision. Students under- 
standing the essentials of this text are assured 
of a good mastery of the fundamentals of organic 
chemistry. 


MacDovucatt, Frank H. Physical Chemistry. 
New York: The Macmillan Company, 1952. 
750 P. $6.00. 


This is the third edition of a textbook first 
published in 1936. Most of the revision relates 
to atomic structure and reaction kinetics. The- 
oretical aspects of physical chemistry are em- 
phasized. 


Benson, Sipney W. Chemical Calculations. New 
York: John Wiley & Sons, Inc. 1952. 217 P. 
$2.95. 


Many students refrain from taking beginning 
college chemistry because of a fear of the diffi- 
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culty in the mathematics involved. This book 
is designed to help beginning students through 
this difficulty. Through somewhat detailed ex- 
planation and numerous illustrations beginning 
students in college chemistry will find this a most 
useful tool. 


Conant, JAMES BryANT AND Butattr, ALBERT 
Harotp. The Chemistry of Organic Com- 
pounds. New York: The Macmillan Company, 
1952. 655 P. $5.90. 


This is the fourth edition of a text first pub- 
lished in 1933. Much new material has been 
added to bring the book up to date, particularly 
in the fields of biochemistry and industrial chem- 
istry. An attempt has been made to introduce 
new material at the place where it is pedagogi- 
cally most effective rather than in a formally 
logical order. 


KottHorr, I. M. anp SANpELL, E. B. Textbook 
of Quantitative Inorganic Analysis. New York: 
The Macmillan Company, 1952. 759 P. $6.50. 


This is the third edition of a textbook first 
published in 1936. Both theoretical and practical 
applications are emphasized in this quite com- 
plete treatise. 


Meyer, Litt1AN Hoacianp. Laboratory Manual 
for Introductory Chemistry. New York: The 
Macmillan Company, 1952. 114 P. $1.75. 


This seems to be a better than usual labora- 
tory manual for introductory courses in beginning 
chemistry. It is of the fill-in blank type with 
removal pages and may be used with any text- 
book. 


Basor, JosepH A. AND LEHRMAN ALEXANDER. 
Laboratory Studies in College Chemistry. New 
York: Thomas Y. Crowell Company, 1952. 
227 P. $2.50. 


This is a revision of the 1940 and 1941 manuals 
by the same author. It is a loose-leaf, fill-in 
blank type. Emphasis is placed on laboratory 
technique. 


West, W., Vick, Maurice M., Anp LE 
Rosen, ArtHur L. Qualitative Analysis and 
Analytical Chemical Separations. New York: 
The Macmillan Company, 1953. 223 P. $3.75. 


A new approach to qualitative analysis is pre- 
sented in this book. The student is introduced to 
techniques of real analytical value. The tradi- 
tional course in qualitative analysis was devised 
about 1850, based on a system of group separa- 
tions utilizing the precipitation of metal sulfides 
under controlled conditions. Originally the sys- 
tematic separation of ions was the most satisfac- 
tory method available for the isolation and identifi- 
cation of inorganic substances. The subsequent 
development of microscopical, spectroscopical, and 
spot test methods, has almost completely replaced 
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the older technique for practical identification 
purposes. This book uses a non-sulfide scheme of 
teaching qualitative analysis. Many advantages 
are claimed for this new scheme. 


Van Peursem, RAtpu L. AND Imes, Homer C. 
Elementary Quantitative Analyses. New York: 
McGraw-Hill Book Company, 1953. 383 P. 
$4.50. 


This book is intended for use in the first course 
in quantitative analysis. The four parts consider : 
principles, calculations, laboratory, and techniques. 
The laboratory section has typical analyses in- 
volving gravimetric, tetrimetric, and instrumental 
analyses. 

Content is based upon a national survey of 
Quantitative Analyses courses in colleges and 
universities throughout the United States. Thus 
the text should be usable in most American 
colleges. 


Stone, Hosmer, AND McCutioucnu, James D. 
Experiments, Theory, and Problems in General 
Chemistry. New York: McGraw-Hill Book 
Company, 1953. 352 P. $6.00. 


This is a loose-leaf book that is more than a 
manual of first-semester experiments in begin- 
ning college chemistry. All of the essentials of 
an integrated chemistry course are included. 
There are 31 experiments or assignments with 
theory and problems. 


BARKER, JOHN W. AND GtaAsoe. Laboratory 
Manual for First Year College Chemistry. New 
York: McGraw-Hill Book Company, 1952. 186 
P. $3.00. 


This is a loose-leaf first year chemistry lab- 
oratory manual. There are the more or less 
usual laboratory experiments in the first two- 
thirds of the manual with the last third emphasiz- 
ing qualitative analysis. 


Watt, Georce W. MorcGan, L. O. Labora- 
tory Experiments in General Chemistry and 
Semi-Micro Qualitative Analysis. New York: 
McGraw-Hill Book Company, 1953. 228 P. 
$3.50. 


This is a loose-leaf chemistry manual designed 
to accompany General Chemistry by Felsing and 
Watt, but may be used with other texts. 


BaArser, Hervey Hupparp AND TAyLor, I. Ivan. 
Semimicro Qualitative Analysis. New York: 


Harper & Brothers, 1953. 404 P. $4.50. 


This is a revised edition of a book first pub- 
lished in 1942. The book is intended to be used 
following the course in general chemistry. The 
author introduces a new technique in qualitative 
analysis—the elimination of hydrogen sulfide pre- 
cipitation through the substitution of thioacetam- 
ide (CH;sCSNH2). The text is adapted for use 
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with either pressure-bulb or centrifuge filtrations, 
details of both methods being given. 


Burrows, J. Austin, ArtTHUR, PAUL AND SMITH, 
Otro M. Semimicro Laboratory Exercises in 
General Chemistry. New York: The Macmil- 
lan Company, 1952. 302 P. $3.50. 


This is the second edition of a loose-leaf col- 
lege chemistry laboratory manual first published 
in 1942. 


MacNeEwIn, WILLIAM MARSHALL AND SWEET, 
Tuomas RicHarp. Quantitative Analysis. 
New York: Harper & Brothers, 1952, 247 P. 
$3.75. 


Theory and experiment are integrated in this 
one semester textbook on quantitative analysis in 
college chemistry. Gravimetric experiments pre- 
cede volumetric experiments, but the order can 
be reversed if the instructor desires. 


HaAmILton, Leicester F. AND SIMPSON, STEPHEN 
G. Quantitative Chemical Analysis. New 
York: The Macmillan Company, 1952. 529 P. 
$4.50. 


This is the tenth edition of a text (called Tal- 
bot’s Quantitative Chemical Analysis through the 
first six editions) first published in 1897. The 
reviewer as a student used one of these Talbot 
editions. The present edition little resembles the 
Talbot editions. The large number of editions 
extending over half a century in time attest to 
the soundness in approach and the general ac- 
ceptance in content by many chemistry teachers 
everywhere. 


McE vain, SAMuet M. The Characterisation of 
Organic Compounds. New York: The Mac- 
millan Company, 1953. 303 P. $4.50. 


This is a revised edition of a book first pub- 
lished in 1945. Class characteristics, properties 
and reactions of organic compounds are stressed. 


Leonnarpy, Jntroductory College Math- 
ematics. New York: John Wiley & Sons, Inc., 
1954. 459 P. $4.90. 


In recent years the introductory courses in col- 
lege mathematics have had an entirely “new 
look.” They are quite different from those of a 
couple of decades ago and emphasize the new pur- 
poses and goals not only in mathematics but in 
college education in general. 

This book gives a clear description of the 
nature of mathematics, the major mathematical 
concepts, and the important role played by mathe- 
matics in modern civilization. The author intends 
that use of the book will develop the skills and 
techniques necessary in a college program of 
general education and to present mathematics as 
an area of general education. Miss Leonhardy 
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is a professor of mathematics at Stephens College. 
She has had many years’ experience teaching high 
school and college mathematics. 


Hopson, E. W. Squaring the Circle; Hupson, 
Hivpa P. Ruler and Compasses; Stncu, A. N. 
The Theory and Construction of Non-Differen- 
tiable Functions; Kempxe, A. B. How to 
Draw a Straight Line. New York (231 West 
29th Street): Chelsea Publishing Company, 
1953. 261 P. 


This is a series of monographs originally pub- 
lished by four different publishers. Teachers of 
college mathematics and persons interested in 
mathematical history will especially appreciate 
this compilation. 


Leacu, H. W. BeEAKLEy, GeorGeE G. The 
Slide Rule. New York: The Macmillan Com- 
pany, 1953. 44 P. $1.00. 


This text is designed for courses in slide rule 
that are now being taught in colleges and high 
schools It combines an explanation and discussion 
of the various slide rule operations with drill 
problems to give students an opportunity to prac- 
tice desired techniques. 


DoucLass, Hart R., KINnNeEy, Lucien, AND 
Ruste, Vincent. Everyday Mathematics. 
New York: Henry Holt and Company, 1951. 
504 P. $2.48. 


Everyday Mathematics utilizes a functional ap- 
proach. Problems that students and individuals 
meet in real life situations in home and com- 
munity are emphasized. The text would seem- 
ingly serve most adequately for the general 
mathematics course at the junior high school level. 

A few of the chapter headings: mathematics in 
the community, mathematics in shipping goods, 
mathematics in business, managing earnings 
wisely, individual and group security, mathe- 
matics in government, and using mathematics in 
providing a home. 


May, KennetH O. Elementary Analysis. New 
York: John Wiley & Sons, Inc., 1952. 535 P. 
$5.00. 


Elementary Analysis is designed for an inte- 
grated beginning course that will give the student 
a good grasp of the logical nature of mathematics, 
the algebra of numbers, analytical geometry, and 
the simplest ideas of calculus by organizing all 
topics around a few significant ideas. 


Betz, HERMAN, BurcHAM, PAut B., AND EWING, 
Georce M. Differential Equations with Appli- 
cations. New York: Harper and Brothers, 
1954. 310 P. $4.50. 


This college text on differential equations 
emphasizes applications in engineering and in the 
physical and biological sciences. 
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LoweENstTIEN, Lioyp L. Beginning Algebra for 
College Students. New York: John Wiley and 
Sons, Inc., 1953. 279 P. $3.50. 


Beginning Algebra for College Students is 
geared to satisfy the needs of both an introduc- 
tory mathematics course and a terminal course. 
The book is planned to use the student’s ex- 
periences in arithmetic as a basis upon which to 
build a sound knowledge of algebra. Altogether 
this book seems to be a very good one from the 
standpoint of student appeal and teachability. In 
this respect it is a vast improvement over algebras 
of an earlier day. 


PETERSON, THURMAN STEWART. Intermediate 
Algebra for College Students. New York: 
Harper and Brothers, 1954. 369 P. $3.25. 


This is a revised edition of a text first published 
in 1940. It has been adopted for use in some 400 
different schools. It contains a thorough and 
complete presentation of “elementary” algrebra. 
There are some 5,000 exercises for outside prepa- 
ration, classwork, and review. Review exercises 
are found at the end of each chapter and answers 
to odd problems are included in the text. 


JAreGcER, CHESTER GEORGE AND BAcon, Haroip 
Maite. Introductory College Mathematics. 
New York: Harper and Brothers, 1954. 382 P. 
$4.75. 


This book is intended for use in a full year 
course and by either mathematics majors, or non- 
science majors. It is assumed that students have 
completed a year each of high school algebra and 
geometry. The book provides a unified treatment 
of basic topics in algebra, trigonometry, analytic 
geometry, together with an introduction to the 
calculus. 


WINANS, JouHN Gipson. Introductory General 
Physics. Boston: Ginn and Company, 1952. 


765 P. $5.75. 


Introductory College Physics is a new college 
text in physics in which scientific rigor and 
clarity are stressed. The experimental approach 
is used. Physical principles are derived from 
experimental evidence. No attempt is made to 
preserve the historical order in which discoveries 
were made. Instead, this text follows on evolu- 
tionary development of the principles of physics 
from sense observation to experiment, from ex- 
periment to theory and from theory to applica- 
tion. The mathematical background assumed for 
students assumes one year of high-school algebra 
and one year of high-school geometry. 


Weser, Rosert L., Wuite, Marsu .W., 
MANNING, KENNETH College Physics. 
New York: McGraw-Hill Book Company, 
Inc., 1952. 820 P. $6.50. 


College Physics presents the basic ideas of 
physics for students of science and engineering. 
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This is the second edition of a text first published 
in 1947. One innovation is the placing of 
sketches of Nobel prize winners as headpieces for 
each of the forty-nine chapters. The portraits are 
arranged in the order of the dates of the awards. 
A brief biographical note that accompanies each 
portrait cites the basis of the award. 

The textual treatment is thorough and some- 
what rigid as it is intended for engineering and 
science major students. 


Awsery, J. H. Heat. London, England: Charles 
Grifin & Company, Limited, 1952. 439 P. 
$5.50. 


Heat is Volume III of the series A University 
Text-Book of Physics. The two previous vol- 
umes were entitled Properties of Matter and 
Sound. Heat is the eleventh edition and largely 
rewritten version of Poynting and Thomson’s 
Textbook of Physics, Volume III. The science 
of Heat dates back about 150 years to the work 
of Black in 1790. This textbook would seem to 
be most complete and thorough and would serve 
excellently as a basic text in a course in heat fol- 
lowing the general physics course. 


HEADQUARTERS STAFF OF THE AMERICAN RADIO 
Retay Leacur. The Radio Amateur’s Hand- 
book. West Hartford, Connecticut: American 
Radio Relay League, 1952. 549 P. $3.00. 


This is the twenty-ninth edition of The Radio 
Amateur’s Handbook internationally recognized 
as the standard manual of amateur radio com- 
municators. The pattern of material presentation 
has been time-tested for convenient and effective 
usage. No other publication approaches it in 
coverage and reader appeal. 


HEADQUARTERS STAFF OF THE AMERICAN Rapio 
Leacur. The Radio Amateur’s Handbook. 
West Hartford, Connecticut: American Radio 
Relay League, 1953. 800 P. $3.00. 


Over the years The Radio Amateur’s Hand- 
book is recognized all over the world as the 
standard manual for amateur radio communica- 
tions. This is the Thirtieth Edition of a book 
published continuously since 1926 and is now ap- 
proaching the three million mark in total sales. 
This is proof positive of the unusual merits of 
the book. There are over 1,200 illustrations, in- 
cluding 95 charts and tables plus 466 tube base 
diagrams, and 85 basic formulas. 

Needless to say this book is a must with all 
teachers, designers and experimenters of amateur 
radio communication. 
HeNNeEy, KeitH AND RICHARDSON, GLEN A. 
Principles of Radio. New York: John Wiley 
& Sons, Inc., 1952. 655 P. $5.50. 


This is the sixth edition of a book first pub- 
lished in 1929. Fundamentals of basic radio cir- 
cuits receive major emphasis. The examples, ex- 
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periments, and problems are of the type most 
likely to be encountered in actual practice. 


WILLIAM, 
(70 Fifth 
771 P. 


Marcus, ABRAHAM AND Marcus, 
Elements of Radio. New York 
Avenue): Prentice-Hall, Inc., 1953. 


$6.00. 


This is the third edition of a book first pub- 
lished in 1943 and revised in 1948. Great advances 
have been made in radio since 1943. A great deal 
of the older material has been made obsolescent 
and new devices have become a part of radio. 
For example the development of the transistor 
gives promise of great things to come. Old type 
tubes have been replaced, 

This is a beginning book in radio written simply 
and directly. The book is replete with diagrams 
and illustrations. Numerous demonstrations are 
included. It should be an excellent book for the 
beginner or amateur in radio study, and for 
secondary teachers including the study of radio 
as a part of their course. 


HEISENBERG, W. Nuclear Physics. New York: 
Philosophical Library, 1953. 225 P. $4.75. 


The author, Dr. Heisenberg is one of the 
world’s most noted scientists. He is presently 
Director of the Max Planck Institute of Physics, 
Gottingen, Germany. This present volume, 
written for the layman, is not too technical for 
most general readers. The author reviews the 
history of man’s thinking and determination of 
the structure of the atom starting with the ideas 
of the early Greeks and ending with Bohr’s 
theory, the periodic system, and the present ideas 
on the nuclear structure of the atom. Radio- 
activity, nuclear structure, nuclear transmutations 
and methods of observing and producing nuclear 
transmutations, receive major attention. There is 
a concluding chapter on the practical applications 
of nuclear energy. The appendix has material on 
post-war nuclear research in Germany. 


Drew, Cuartes E, How To Pass Radio License 
Examinations. New York: John Wiley & Sons, 
Inc., 1952. 367 P. $4.50. 


This is a book designed to assist the reader to 
determine whether he has sufficient knowledge in 
the field of radio communication to pass an F.C.C. 
examination for any type of radio operator 
license. Thousands of questions are asked and 
answered. There are 135 illustrations. 


Caverty, Don. Primer of Electronics and 
Radiant Energy. New York: McGraw-Hill 
Book Company, 1952. 343 P. $5.50. 


This is a book for the general reader and while 
not strictly a “popular” book, general science and 
secondary teachers, and many high school pupils 
with some knowledge of radio, chemistry, or 
physics, will find the book most readable and 
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authoritative. In general, it is non-technical and 
almost completely non-mathematical. 
Fundamental and basic principles are empha- 
sized. Part I explains the structure of the atom, 
molecules, isotopes, electrons, and electricity in 
general. Part II discusses magnetism, generators, 
transformers, and harmonics. Part III describes 
in detail electromagnetic radiation. Here is in- 
formation on energy, light, infra red and ultra- 
violet radiation, radio waves, x-rays, radioactivity, 
atomic energy and such electronic devices as radar, 
loran, sonor and so on. Part IV discusses elec- 
tron tubes and various sources of radiant energy. 


Reep, Henry R., WaGNer, T. C. Gorpon, AND 
GeorcGe F. Electrical Communica- 
tions Experiments. New York: John Wiley & 
Sons, Inc., 1952. 458 P. $6.50. 


Sixty experiments covering D-C and A-C 
fundamentals, engineering electronics and radio 
engineering are included. Only standard measur- 
ing equipment and components are required. The 
treatment seems to be both comprehensive and 
adequate. 


INGERSOLL, LEONARD, Rose, MARTIN, MILEs, JAy, 
AND Rouse, THEoporE ALton. A Laboratory 
Manuscript of Experiments in Physics. New 
York: McGraw-Hill Book Company, 1953. 
285 P. $4.00. 


This is the sixth edition of a book first pub- 
lished in 1925. The revision deletes thirteen out- 
moded experiments, offers a rewriting of many 
other experiments where procedure could be im- 
proved or where materials or methods could be 
brought up to date and seven new experiments 
have been added which incorporate modern de- 
velopments in physics. Older editions have been 
quite popular. 


Crow, Leonarp R. Synchros, Self-Synchronous 
Devices and Electrical Seruo-Mechanisms. 
Vincennes, Indiana: The Scientific Book Pub- 
lishing Company, 1953. 222 P. $4.00. 


The purpose of this book is to contribute a 
broad understanding of the basic fundamental 
principles underlying the functional operating 
theory as well as the effective use and applica- 
tions of synchros and allied self-synchronous 
electrical mechanisms. These devices have wide 
application both in industry and in the armed 
forces. Physics teachers will especially appre- 
ciate this book. 


MenzeL, Donatp H. Mathematical Physics. 
New York: Prentice-Hall, Inc., 1953. 412 P. 
$8.50. 


This is a technical book on theoretical or 
mathematical physics dealing with physical di- 
mensions, mechanics and dynamics, waves and 
vibrations, classical electromagnetic theory, and 
relativity. 


[Vot. 38, No. 4 


The Endless Frontier; The Multiple Screening 
Idea; and The Story of HIF. New York (420 
Lexington Avenue): Health Information 
Foundation. 44 P., 17 P. and 17 P. Free. 


The first named of these three pamphlets is a 
series of dramatic stories describing major 
achievements on the endless frontier of medical 
research. The stories relate to cortisone, heart 
disease, cancer, nutrition and surgical care on the 
Korean battlefront. 

The second pamphlet is a popularly written re- 
port of a multi-test clinic which screened 40,000 
citizens of Richmond, Virginia, for eight health 
conditions. 

The third pamphlet describes the purposes and 
activities of Health Information Foundation. 


GuNpeErSON, HArvey L. AND Beer, JAMES L. The 
Mammals of Minnesota. Minneapolis, Minne- 
sota: The University of Minnesota Press, 1953. 
190 P. $3.50. 


This handbook is a practical source of accurate 
and concise information about the mammals of 
Minnesota. Teachers, sportsmen, and conserva- 
tionists will find the book useful even in states 
outside of Minnesota. This is a publication of 
the Minnesota Museum of Natural History. The 
authors are authorities in their fields. Mr. 
Gunderson is associated with the Minnesota 
Museum of Natural History and Mr. Beer is with 
the Division of Entomology and Economic 
Zoology at the University of Minnesota. 

The information is specific and detailed for each 
specie of mammal found in Minnesota with de- 
scription, scientific name, measurements, and so 
on. A state map with each of the counties out- 
lined is included for each specie of mammal and 
it is indicated whether a given mammal has ever 
been found in that particular county. A smaller 
United States and Canada map outlines in black 
the habitat of the mammal in question. A number 
of photographs supplement the textual material. 


Moopy, PAut Amos. Introduction to Evolution. 
New York: Harper & Brothers, 1952. 475 P. 
$6.00. 


Evolution has been an important principle in 
science for many years. As a principle it has been 
grossly misunderstood and misrepresented. Argu- 
ments for and against evolution have at times 
waxed strong and heavy and still today the topic 
is good for an argument as many science teachers 
know. Certainly the implications of the prin- 
ciple extend into all phases of human life and 
activity. 

The publishers maintain that this book presents 
the most interesting, readable, and balanced pres- 
entation yet published for elementary courses in 
the subject. And this claim is not too far fetched. 
It is lavishly illustrated, interestingly written. 
Teachers and students in biology, geology, gen- 
eral science, and elementary science will find this 
vne of the finest presentations available. The last 
chapter discusses science and religion and the 
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question of the existence of a Creator—answered 
affirmatively as the author’s own personal belief. 


Barnouw, ApriAAN J. The Pageant of the 
Netherlands. New York: Longmans, Green, 
and Company, 1952. 370 P. $4.50. 


The Pageant of the Netherlands is a story 
chiefly concerned with the people of the Nether- 
lands, their customs, manners, beliefs, labors, 
achievements in the fields of learning, letters, 
science, and arts. Not much attention is paid to 
wars and battles, nor the intrigues of treaties and 
diplomacy. Nor is the book written in specific 
chronological order. It is a most readable book 
about one of the great peoples of present day 
civilization—the sturdy Dutch whose accomplish- 
ments far surpass the relative size of their small 
homeland. 

The Child Unborn. New York: 
226 P. 


Harrison, R, J. 
The Macmillan Company, 1951. $3.00. 


The Child Unborn is a semi-popular sum- 
marizing in simple language the additions to the 
knowledge and understanding of reproductive 
anatomy and embryology. There is a somewhat 
historical approach used in developing the textual 
material. The recent contributions on the early 
stages in development of the human ovum and 
embryo enable a general account to be given, 
which is illustrated with drawings and photo- 
graphs. Recent advances in research are pre- 
sented understandingly in non-technical language. 
There are 60 illustrations. 

The author is a reader in Anatomy in the Uni- 
versity of London at Charing Cross Hospital 
Medical School. 


New York: 
$4.25. 


Design for Decision explains the meaning of 
Statistical Decision—a method developed by 
scientists during the last decade for reaching 
sound, profitable decisions. The author attempts 
to make the procedure understandable for the edu- 
cated layman with little or no statistical back- 
ground. He explains a variety of potent statis- 
tical tools which have already proved their worth 
in the scientific laboratory. Many illustrations 
from everyday experiences are used. The author 
believes the method can be used to solve more 
intelligently and reliably many or all of the prob- 
lems or choices man confronts. Such aspects of 
statistical decision are discussed as the nature of 
decision, prediction, probability, values, rules for 
action, operating a decision maker, data, models, 
sampling, measurement, statistical inference, and 
statistical techniques. The author readily agrees 
the new procedure is not a panacea but believes 
it will be increasingly used in the future to solve 
many personal, administrative, business, political, 
social, and economic problems. This book is the 
first attempt to make the procedure understand- 
able to the layman. Most readers of this book will 


Design for Decision. 
276 P. 


Bross, IRWIN. 
The Macmillan Company, 1953. 
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readily agree that the author is addressing the 
educated layman. Statisticians, and teachers of 
measurement and statistic courses should especially 
appreciate this book. 


Bonnett, ALLEN T. AND CHurISTMAN, RutaH C. 
(Editors). IJndustrial Science, Present and 
Future. Washington, D. C. (1515 Massa- 
chusetts Avenue, N.W.): American Associa- 
tion for the Advancement of Science, 1952. 


152. P. 


This is a collection of papers presented at the 
installation of the Section on Industrial Science 
of the AAAS at the Philadelphia meeting on 
December 28-30, 1951. 

After an introductory paper Bridging the Gap 
by Edward R. Weidlein, the series of papers 
appear under three general headings: ‘I. Indus- 
trial Science Today: The Petroleum Industry by 
Robert E. Wilson, The Steel Industry by Hiland 
G. Batcheller, The Communications Industry by 
J. B. Fisk, The Chemical Industry by Norman A, 
Shephard, and The Pharmaceutical Industry by 
Ernest H. Volwider; II. Industrial Science 
Tomorrow: Horizons in Industrial Science from 
the Viewpoint of the Educator by James Creese, 
Horisons in Industrial Science from the View- 
point of the Research Institute by Frank C. 
Croxton, and Horizons in Industrial Science from 
the Viewpoint of Government by Alan T. Water- 
man; III. Public Aspects of Industrial Science: 
The Contributions of Industry to Scientific Edu- 
cation by C, L. Emerson, /ndustrial Science and 
Community Health by Charles L. Dunham, The 
New Industry and the Community by Robert A. 
Neary, and /ndustrial Science and Its Public Re- 
lations by G. Edward Pendray. 

The papers are non-technical in nature and give 
information of great value to laymen, scientists, 
industrial leaders, and secondary science teachers. 


ZirRKLE, CONWAY, Myernorr, Howarp A., AND 
CurIstMAN, Rutu C. Soviet Science. Wash- 
ington, D. C.: American Association for the 
Advancement of Science, 1952. 108 P. 


This is a series of papers presented at a sym- 
posium on December 27, 1951, at the Philadelphia 
meeting of the American Association for the Ad- 
vancement of Science. The papers are: Russian 
Genetics by Theodosius Dobzhansky, Russian 
Physiology and Pathology by W. Horsley Gantt, 
Russian Psychology and Psychiatry by Ivan D. 
London, Scientific Method and Social Science: 
East and West by Russell L. Ackoff, Russian 
Contribution to Soil Science by J. S. Joffee, 
Soviet Physics and Chemistry by John Turkewich, 
Soviet Mathematics by J. R. Kline, Science and 
Intellectual Freedom in Russia by Lazor Volin, 
and An Appraisal of Science in the USSR by 
Conway Zirkle. 

It is quite difficult to correctly characterize 
Soviet science. Not too many Russian scientific 
publications are available and not too many 
articles are found in these few publications. 
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Nevertheless some appraisal is possible even 
though many of the reports are politically colored. 
Science in mathematics in Russia seems to be on 
a high plane contrasted to the low level reached 
by Russian genetics. Altogether the series of 
papers make very interesting reading. 


Knapp, Rosert H. anp Goopricu, H. B. Origins 
of American Scientists. Chicago: University 
of Chicago Press, 1952. 450 P. $7.50. 


In Origins of American Scientists the authors 
present the detailed results of their investigations 
into the educational backgrounds of Amertcan 
scientists. The study was sponsored by Wesleyan 
University and the Carnegie Corporation. Pro- 
fessor Knapp spent an average of ten days at each 
of twenty-two institutions gathering information 
concerning conditions which might help to explain 
the institutions’ productivity of scientists. 

Using an index of the rate per thousand at 
which graduates of various institutions have con- 
tinued to the doctorate level and ultimately to 
listing in American Men of Science they reveal 
some surprising and challenging facts. Some 
490 colleges and universities and 18,000 graduates 
who were subsequently sketched in American 
Men of Science were studied. Comprehensive 
case studies were made of 22 selected liberal arts 
colleges. They found that scientists more fre- 
quently come from the “grass roots” of America, 
more frequently from nonindustrialized regions, 
more frequently from institutions of most attend- 
ance costs, more rarely from expensive eastern 
institutions, more frequently from the smaller col- 
leges and universities. Fraternities and inter- 
collegiate athletics are not conducive to the pro- 
duction of noted scientists. Catholic schools and 
technological colleges yielded relatively few scien- 
tists. The South produced far less than any other 
section of the country but seemingly typography 
and climate are less determining than other fac- 
tors—possibly heredity and certain types of 
environment. 

Altogether this is a most penetrating, compre- 
hensive, challenging investigation. It is an in- 
teresting book for all persons engaged in teaching 
students science, and in searching out youth with 
promising talents in science. 


Koun, MAx AND STARFIELD, MArtTIN J. . Ma- 
terials and Processes. New York: The Mac- 
millan Company, 1952. 483 P. 


Materials and Processes has been designed for 
use particularly in (1) the vocational-technical 
high school and institute, (2) apprentice and adult 
training programs in both industry and vocational 
high schools, (3) industrial arts classes, and (4) 
salesmen of industrial materials. High school 
students will obtain information that should be 
of value in selecting a vocation. The book should 
be of especially great value to science teachers 
and students in academic’ high schools as a 
reference in biology or chemistry classes. 

The authors are teachers in the Brooklyn 


Technical High School and the book is primarily 
intended for secondary pupils. 

Major parts of the book are: (1) wood and its 
products, (2) fuels, (3) metals, (4) ceramics, 
and (5) plastic materials. 


Anonymous. Project Book No. 1. Louisville 
(2500 So. Third Street), Kentucky: Reynolds 
Metals Company, 1954. 64 p. $0.50. 


This book illustrates 132 different projects made 
from aluminum. Each project is illustrated. 
Projects include many useful devices for the 
home, farm, leisure time activities, and so on. 


WepperG, STANLEY E. Microbes and You. New 
York (60 Fifth Avenue) : The Macmillan Com- 
pany, 1954. 439 p. $4.50. 


Microbes and You has been written as a text 
for an introductory, terminal, survey course in 
microbiology for students with little or no back- 
ground in science. It should serve excellently as 
a text for a part of the biology course in general 
education, as a reference for high school biology 
teachers and elementary science teachers. There 
are some 75 illustrations and 3 color plates. 


HEADQUARTER’S STAFF OF THE AMERICAN Rapio 
Retay Leacue. Radio Amateur’s Handbook. 
West Hartford, Connecticut: American Radio 
Relay League, 1954. 800 p. $3.00. 


This is the 1954 Thirty-First Annual Edition 
of the radio amateur’s handbook, first published 
in 1926. It is truly a bible of information for 
the radio enthusiast. Almost three million copies 
of the various editions have been sold. It is a 
standard technical reference and study text. It is 
completely up to date with hundreds of drawings 
and illustrations. 


STACKPOLE, CAROLINE E, and Lutie 
Ciemson. Textbook of Physiology. New York 
(60 Fifth Avenue): The Macmillan Com- 
pany, 1953. 418 p. $5.00. 


This college textbook in physiology emphasizes 
the activities of the living body. It utilizes a 
problem-solving approach. The content is well 
selected, clearly presented, with 128 drawings, 
some in color. The reviewer is a former student 
of Miss Stackpole’s and recalls the practical ap- 
proach she used in teaching, an approach evident 
in this book. This book will serve excellently 
either as basal text or as a good reference for 
general use, and in courses in biology. 


Miter, GeorcGe J., Parkins, Atmon E., and 
Hupains, Bert. Geography of North America. 
New York (440 Fourth Avenue) John Wiley 
and Sons, Inc. 1954. 664 p. $7.50. 


This the third edition of a college textbook 
first published in 1928. In the intervening years, 
Geography of North America has been one of the 
most popular and widely used books in this field. 
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The reviewer once used this book as the basal 
text for a course in geography, and will attest to 
its teachability. The book stresses man’s reaction 
to his natural environment—economic, social, his- 
torical, and political. 

This new edition includes virtually all new 
graphs, maps, charts, and illustrations. The latest 
geographical knowledge and data, gathered from 
many sources, and incorporating the most recent 
government statistics, together with recent 
references, have been included. 


Wuirte, C. LANnpon and Foscuve, Epwin, J. Re- 
gional Geography of Anglo-America. New 
York (70 Fifth Avenue): Prentice-Hall, Inc. 
1954. 518 p. 


Regional Geography of Anglo-America empha- 
sizes the close ties and kinship of Canada and 
the United States—closer ties and kinship than 


exists between any other two nations of the 
world. American movies, radios, magazines, 
mechanical devices, tourists move across the 


borders at will. This close friendship has been 
because of geographic contiguity and similarity 
of economic and defense problems. 

After discussing Anglo-America and Its Re- 
gions, City and Industrial Geography, the authors 
divide the region into fifteen regional, geographic 
divisions discussing each in detail in turn. These 
regions are somewhat reminiscent of the much 
earlier J. Russell Smith’s geographic regions of 
North America. 

The authors write interestingly and well, and 
make geography a most live subject. Numerous, 
well-selected graphs, maps, charts, and photo- 
graphs supplement the selected content material. 
The reviewer rates this book as an unusually fine 
textbook on American geography that should be 
most teachable both from the teacher and the 
student viewpoint. 


Leet, L. Don and Jupson, SHELDON. Physical 
Geology. New York (70 Fifth Avenue): 
Prentice-Hall, Inc. 1954. 466 p. $9.00. 


This is a college textbook for students begin- 
ning the study of geology. What a fine introduc- 
tion this book is! It is about the finest and most 
attractive geology textbook the reviewer has had 
the opportunity of examining. Geology texts have 
become less descriptive and place an increased 
emphasis upon geology principles and concepts 
with quite a little attention paid to chemistry, 
geo-physics, geo-chemistry, and atomic physics. 
In a number of ways this book is quite a de- 
parture from the usual geology textbook, es- 
pecially in organization and approach. 

The photographs and illustrations are superb 
and, with the full captions, tell their own story. 
Dr. Leet is Chairman of the Division of Geo- 
logical Sciences at Harvard University and Dr. 
Judson is associate professor of geology at the 
University of Wisconsin. Together, they have 
combined to write an unusually fine geology text- 
book. 
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Lapp, E. and ANbREws, 
Nuclear Radiation Physics. New 
Fifth Avenue): Prentice-Hall, Inc. 
p. $9.00. 


So rapid has been the advance in nuclear radi- 
ation physics that this book first published in 
1948, has had to be completely rewritten and 
revised. The authors have included the funda- 
mentals of nuclear physics, with numerous tables, 
graphs, and examples. This book should serve 
as a fine introduction to this area of physics. 


Fretrer, B. Introduction to Experi- 
mental Physics. New York (70 Fifth Avenue) : 
Prentice-Hall, Inc. 1954. 349 p. $9.00. 


This book describes techniques in modern ex- 
perimental physics—vacuum tubes and amplifiers, 
oscillators, geiger counters, scintillation counters, 
nuclear emulsions, cloud chambers, cyclotrons, 
cosmic-ray techniques, and mass, beta ray, optical 
and microwave spectroscopy, and so on, There is 
a chapter on laboratory hazards. This seems to be 
an excellent book for the experimental physicist. 


ANSHEN, MELVIN and WormutH, Francis D. 
Private Enterprise and Public Policy. New 
York (60 Fifth Avenue) : The Macmillan Com- 
pany, 1954. 742 p. $6.75. 


All the activities of government are to the ad- 
vantage of someone or other; otherwise they 
would not be undertaken. In this sense, all gov- 
ernment activities are benefits. There are various 
ways of conferring benefits—some negative, but 
mostly positive. In general, governmental benefit 
is supposed to be for the promotion of the general 
welfare. Under the general welfare concept, the 
federal government, slowly during the first 140 
years of its existence, and at a greatly accentu- 
ated pace in the last two decades, has greatly 
broadened and extended the concept of its general 
welfare function. 

In this book the authors broadly survey and 
critically analyze all of the programs by which 
the government comes into contact with economic 
life—national, state, and local. Specific case re- 
ports illustrate the interaction of government and 
business. Discussed are such topics as trade regu- 
lations and the anti-trust laws; controls of rates, 
prices, and wages; government benefits—patents, 
copyrights, trademarks, federal loans and in- 
surance; public utilities and the power industry; 
the transportation and communication industries ; 
agriculture; labor; health and social welfare; 
pump-priming and deficit-spending, and so on. 

The government will continue to intervene in 
the economy, to regulate and assist, to offer bene- 
fits, to offer established rules of economic be- 
havior. It is altogether probable that the 
accentuated increase in this direction during the 
last two decades will be greatly slowed down in 
the decades to follow. This book gives a quite 
comprehensive, readable account of what has hap- 
pened in the past and the reasons for increased 
government interest in general welfare. 
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Symposium. Aluminum Heat Treating. Louis- 
ville, Kentucky (2500 South Third Street) : 
Reynolds Metals Company, 1954. 119 p. Free 
on request. 


This illustrated book describes heat treatment 
processes in heating aluminum and aluminum 
alloys. 


Rosertson, G. Ross. Laboratory Practice of 
Organic Chemistry. New York: The Mac- 
millan Company, 1954. 377 p. $4.00. 


An unusually fine feature of this book is the 
quite extensive treatment of the principles under- 
lying manipulations. Students should find this 
part most useful—even if they are using another 
laboratory manual. The second part of the 
manual includes directions for performing some 
sixty experiments in organic chemistry. 


DeRosertis, E. D. P., Nowrnsxi, W. W., and 
Saez, Francisco A. General Cytology. Phila- 
delphia: W. B. Saunders Company, 1954. 456 
p. $7.75. 


This is the second edition of a book in cytology 
that has been unusually popular since its first 
publication in 1948. There are some 160 photo- 
graphs and _ illustrations. 


Wacker, Warren F. Vertebrate Dissection. 
Philadelphia: W. B. Saunders Company, 1954. 
331 p. $3.50. 


This is a laboratory manual designed to fulfill 
the need for a manual on the systematic plan that 
covers the anatomy of a few animals with reason- 
able thoroughness, but is not encyclopedic in 
scope. 


Namovitz, SAMUEL N., and Stone, Donan B. 
Earth Science: The World We Live In. 
New York: D. Van Nostrand Company, 1953. 
438 P. $3.96. 


This high school text is a story of man’s 
physical environment. Processes and concepts 
needed in developing real understanding of the 
physical environment are stressed. In format 
and general appearance the book is most at- 
tractive and appealing. 

The textual material has been organized into 
five units: The Earth and Its Land Forms, 
The Earth and the Universe, The Earth and Its 
Atmosphere, The Earth and Its Oceans, and 
The Earth and Its Climates. The units are 
subdivided into 37 chapters. Each unit is in- 
troduced by a brief overview. At the end of 
the various chapters are such learning devices 
as topics, questions, “have you learned these?”, 
general questions, student activities, supple- 
mentary topics, and suggestions for further 
reading. The book is replete with nearly 200 
excellent protographs, 250 diagrams, and many 
charts. They add much to the attractiveness of 
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the book and better understanding of the textual 
material. 

Some phases of earth science have been 
treated at length and most adequately such as 
the atmosphere, weather, climate, and_ the 
astromomical aspects of the earth. Conserva- 
tion receives a good deal of stress. Probably 
wisely enough in view of present-day uncer- 
tainty by leading scientists, the origin and age 
of the earth and the ice age are discussed almost 
none at all or very briefly. This is in contrast 
to the complete coverage in other areas. But 
on the whole the subject-matter content has 
been well selected and most adequately treated. 
Boys and girls using this book should develop 
an excellent understanding of many earth 
processes and of the earth on which they live. 

The author, Mr. Nomovitz, is Chairman of the 
Physical Science Department of the Washington 
Irving High School, New York City. Mr. Stone 
is Chairman of the Science Department of the 
Mount Pleasant Technical High School, Sche- 
nectady, New York. Each author has had more 
than twenty years experience teaching earth 
science in high school. 


Davis, HELEN Mutes. The Chemical Elements. 
Washington, D. C. (1719 N. Street): Science 
Service, 1952. 160 P. 


Less than two decades ago it was thought by a 
great many persons that the maximum number of 
elements was 92 and that when certain vacant 
spaces in the Periodic Table were filled that no 
more elements would be discovered. Not only 
have the vacant spaces been filled by recently 
discovered elements but the total has been raised 
to 99. It is possible that more elements will be 
discovered in the future. The earliest found 
elements were carbon and sulfur. The seven 
metals of the ancients were gold, silver, copper, 
iron, tin, lead, and mercury. Medieval dis- 
coveries included zinc, arsonic, and bismuth. The 
first credited discovered element was antimony 
in 1604 and the last californium in 1950 and a 
still unnamed one. 

The first pages of this book discuss the four- 
teen elements in general, mesons, x-ray spectra, 
atom structure, isotopes, valence, the periodic 
law, abundance of the elements, and useful ma- 
terials. Then the elements are discussed under 
the usual grouping such as the alkali metals, the 
rare earths, and so on. 

In discussing the various elements, excerpts 
from the discoverer’s original announcement is 
included. It tells something about how the ele- 
ment was discovered and gives interesting in- 
formation about the uses, properties, and so on. 

The Chemical Elements summarizes much 
interesting information about each of the 
elements. It will serve as an interesting and 
useful reference for high school chemistry 
teachers, high school chemistry students, and 
laymen interested in some new and additional 
information about the building stones of the 
universe. 
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YOU AND YOUR WORLD (7) 
YOU AND YOUR INHERITANCE (8) 


*** YOU AND SCIENCE 


1955 revision of the 9th grade book in the Science for 
Better Living series by Brandwein, Hollingworth, 
Beck, and Burgess. 


With new Workbook, Tests, and Teacher’s Manual. 


* * * Off Press in January 


Other New Harcourt, Brace 
Science Textbooks .. . 


Ella Thea Smith 


EXPLORING BIOLOGY 


FOURTH (1954) EDITION 
. . . with Workbook, Tests, and Teacher’s Manual. 


Ruchlis and Lemon 


EXPLORING PHYSICS 


. .. with Workbook and Laboratory Manual. 


Clemensen and LaPorte 


YOUR HEALTH AND SAFETY 


THIRD EDITION 
. .. with separate booklet of Tests. 


HARCOURT, BRACE AND COMPANY 


NEW YORK 17 CHICAGO | 


Patronize our advertisers. Tell them that you saw their advertisement in Science Epucation 


SCIENCE comes alive 
with SVE filmstrips 


Join the thousands who have proved to themselves the value of augmenting regular 
instruction with specially prepared SVE filmstrips. They are authoritative, versatile, 
low cost, and were designed to fit your curriculum. 


A few of the many SVE SCIENCE filmstrips include . . . 


BASIC WEATHER—Int.-Sr. High (B & W). Original diagrams and photos 
explain basic scientific principles responsible for our climate and daily weather 
changes. Author: E. J. Wollman, M.A., Science Editor, SVE, former weather 
meteorologist U.S. Air Force. Individual titles: Why Does the Wind Blow? 
Why Does the Weather Change? Why the Seasons? Why Does It Rain, 
sas Hail and Sleet? Complete set, No. A426S—$12.00. Individual strips— 

25. 


ELECTRICITY, MECHANICS, AND THE ATMOSPHERE—Int.-Sr. High 
(B & W). Photos and illustrations point out properties, characteristics, and 
uses of magnets, electricity, mechanics, and air. Produced in cooperation with 
Row Peterson and Co. Six individual titles: Electric Magnets, Electricity, 
Our Ocean of Air, Permanent Magnets, Simple Machines, The Air About Us. 
Complete Set, No. A427SA—$18.00. Individual strips—$3.00. 


THE EARTH AND THE UNIVERSE SERIES—Int.-College (B & W). 
Carefully executed drawings and photos introduce and explain the universe 
and the bodies within it. Prepared by John Sternig, M.A., Asst. Supt. of 
Schools, Glencoe, Illinois, and Lecturer in Astronomy. Seven individual 
titles: The Earth in Space, The Sun and Its Planets, Earth’s Satellite—The 
Moon, Comets and Meteors, Stars and Galaxies, Constellations, Work of 
Astronomers and Space Travel. Complete set, No. A487S—$21.50. Indi- 
vidual strips—$3.50. 


We Invite You to see for yourself... 


Complete and mail the coupon below today to secure any of these filmstrips 
for a 10-day “no obligation” preview. Many more outstanding filmstrips are 
described and illustrated in the 56-page SVE Educational Catalog. Request your 
FREE personal copy today along with the 
booklet, “Teaching With A Filmstrip.” 


SOCIETY FOR VISUAL EDUCATION, INC. 


(A Business Corporation) 


Society For Visual Education, Inc. SE. 
1345 Diversey Parkway, Chicago 14, Illinois 


Gentlemen: Send the filmstrip sets indicated below for a ‘“‘no obli- 
gation” preview. I will either return the sets within 10 days or 
ask that you bill me (or the school) for them. 


Free Educational Catalog. 
( +) “Teaching With a Filmstrip’ booklet. 


. 
> 
A 
q 
Ne 
y 
f 
\\ 
> 
\ 
» 
ay 
9 
Nae 
School 
coe ae Patronize our advertisers. Tell them that you saw their advertisement in Science Epucation = 
‘ 


ctricity, 
out Us. 


& W). 
iniverse 
upt. of 
lividual 
e—The 
fork of 

Indi- 


mstrips 
‘ips are 
st your 
ith the 


TION 


ular 
weather 
S.E. 
4 


